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ABSmor
Previous worker® have found that soil microorganisms antagonistic 
to PytMum arrhenomaneg Dresohlsr might be a major factor affecting the 
severity of Pythium root rot of sugarcane and corn# This study was 
designed to obtain additional information about the types of micro** 
organisms which influence the severity of Pythium root rot and the con­
ditions under which their action is most effective#
Microorganisms were isolated from Louisiana sugarcane soils and 
tested for antagonism in agar cultures to Pythium arrhenomaneg# Antag­
onistic types were used in attempts to control the root rot disease on 
corn* This was don© by sterilising pots of soil, infesting the soil 
with Pythium and with individual antagonistic isolatess planting corn, 
and later examining the roots for disease severity. Xa this maimer tests 
were made of 171 antagonistic isolates* Th© results indicated that, in 
general, antinomycotes produced better control of the disease than did 
the fungi or bacteria. Actinomycetea which produced large zones of 
inhibition {25 mm* or more) in agar cultures reduced the severity of 
root rot to a greater extent than did isolates which produced smaller 
zones. Attempts also were made to control the disease by using isolates 
which were not antagonistic to the disease producing fungus# Of the 181 
such isolates of fungi, bacteria, and actinomycetes tested non© produced 
consistent control.
A study of the mod© of action of selected antagonistic types indi­
cated that there was no correlation between the degree of multiplication
vili
of the mlcroorganiams tested within and outside the rhixosphere of corn 
and the ability of those isolates to control root rot* Supplementary 
tests revealed that when oertain of the antibioties produced in liquid 
culture were treated with clay soil* the antibiotic activity was not 
present in the supernatant liquid* This may explain why some of the 
microorganisms failed to control the disease*
INTRODUCTION
Attempts to utilise antagonistic microorganisms to control soil 
borne plant diseases here Increased greatly in the past two decades*
One common approach to this problem has been the Incorporation of fertil­
isers into the soil In an attempt to increase the population of the 
antagonistic species of microorganisms* Some of these attempts have 
shown promising results with certain diseases* while others have failed 
to produce any beneficial effects* Another common approach has been 
the incorporation of antagonistic microorganisms directly into the soil* 
This has proved to be a good method for reducing the severity of many 
soil bom© diseases, or of even eliminating the diseases* in sterilized 
soil under greenhouse conditions* However* moat attempts to adapt this 
method to field conditions have failed completely*
It has been known since 1932 that Louisiana soils contain organisms 
which are antagonistic to the sugarcane root rotting fungus Pythium 
arrhenomanea (69)* The discovery by Cooper {18) that Pythium root rot 
is much more severe in autoelaved soil, infested with the root rotting 
organism, than in similarly infested* nonsterilized soil, led to the 
hypothesis that the antagonistic microorganisms, which ar© destroyed when 
the soil is autoelaved, may b© a factor affecting the severity of Pythium 
root rot in the field* Surveys of the antagonistic microorganisms in 
Louisiana soils supported this belief* Cooper (12) found that the per­
centage of strain® of actinomyeetee antagonistic to Pythium and the 
average antibiosis of the strains was lower in root rot soils than in
1
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soils in which root rot woe less severe, The antibiosis was determined 
by the ability of each isolate to inhibit the growth of the fungus in 
Petri plates, and the inhibition m s  evaluated in terms of the distance 
from the antagonistic culture that the growth of Pythium was inhibited. 
Although there was a correlation between the numbers of antagonistic 
actinomycetes and the amount of root rot in the field* erratic results 
were obtained when these organisms were incorporated in Pythium infested 
soil In the greenhouse (12* 48)* In order to arrive at a more satis­
factory estimation of the activity of these microorganisms, which are 
antagonistic to Pythium in agar cultures* more specific data were needed 
concerning their effect upon Pythium root rot in artificially infested 
soil in the greenhouse.
The objectives of the present investigation were (1) to determine 
the effect of microorganisms which are found to be antagonistic to 
P. arrhenomanes in agar cultures on the severity of Pythium root rot 
under greenhouse conditions, (2) to determine the effect of nonantagonis* 
tic microorganisms on Pythium root rot, (3) to evaluate the results in 
terms of the type of organism, the degree of antagonism, and the type of 
antagonism exhibited, and (4) to conduct preliminary studies on the 
mechanism of control of the disease in the soil, and the effect of the 
antagonistic microorganisms on other plant parasites.
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HISTORICAL HSVIKW
Attempts to tit Hiss* antagonistic microorganism® In controlling soil 
borne plant diseases have bean mad® quite frequently during the past tw© 
decades. These attempts have met with varying degree® of success# The 
interactions of microorganisms which live in the soil are extremely 
diverse and complex* Climatic and physical factors of the soil Influence 
these interactions, thereby producing a still more complex association*
In order to successfully control soil borne plant diseases by biological 
methods it appears that a broad knowledge of the intricate chemical and 
physical interactions of soil microorganisms is needed* At the present 
time much knowledge is being obtained through basic and practical research 
by workers in the fields of plant pathology, agronomy, bacteriology, and 
chemistry*
Research based on controlling certain soil borne diseases 
1* Root rot of wheat (take-a11 disease}*
The take-all disease of wheat, caused by Ophlobolua gramlnjs, haa 
received extensive attention with regard to biological control* Fellows 
<19), in 1929, showed that inoculum of £• gramlnls soon lost its virulence 
when the entire culture was added to noninfeetod soil* He found that 
several kinds of organic matter, Incorporated into naturally Infested soil, 
reduced the severity of th® disease. Hanford and Broadfoot (59), in 1931, 
found several fungi and bacteria which would reduce the severity of the 
disease. In general, th© living cultures were more active than filtrates
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obtained from them in supresalng the pathogen, Temperature relatione 
were studied by Henry (31) in 193£* He found that in nonstarilized soil, 
the incidence of the disease decreased at temperatures above 18 degrees G*, 
while the reverse was true In sterilised soil* He attributed this to 
the soil saprophytes being more active in inhibiting th© fungus at high 
temperatures* A significant contribution to the study of this disease 
was made when Broadfoot (5), In 1933, showed that the natural soil 
microflora was sufficient to decrease the disease* He also found that 
there was a decrease in disease severity as sterilized, infested soil 
became recontaminated from the atmosphere, the greatest decrease talcing 
place during the first 40 days, after which the disease was present to 
only a slight extent, and at the end of ISO days no root rot symptoms 
appeared* Lai (43), in 1939, found that the fungus persisted for over 
five months in sandy alkaline soils, but disappeared In a few weeks in 
a dd soils* The greater number of soil organisms in the acid soils was 
held responsible for this decline* He also noticed that outbreaks of 
take-all were restricted when th© causal fungus was deprived of suitable 
hosts for a period of time. In 1943, Ludwig and Henry (4&) reinfested 
sterilized soil with 0* «ramlnls. and recontaialnated it by additions of 
varying amounts of field soil* They found that the infection was less 
severe in recontaminated soil than in nonster 13.1 zed soil* furthermore, 
the number of microorganisms was greater in the sterilized r©contaminated 
soil than in nonsterillzad soil* Trlchoderma virtde, antagonistic to £* 
jgraialnla* quickly established itself as the dominant organism in the 
sterilized recontaminated soil. This was considered to b© one of the 
reasons for th© lower infection*
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2* Root rot Of COttOSa
The first research workers to stats that microorganisms m y  control 
root rot of cotton, caused by Phyma totr iohum omnivorum* were King, Hope, 
and Katon (41), in 1954* They found that heavy manuring of cotton land 
either prevented the development of root rot or delayed it until a crop 
was matured, They suggested that a condition unfavorable to the develop- 
mnt of the root rot was produced in the soil by th© presence of high 
populations of soil microorganisms. Preliminary surveys by Thom and 
Marrow (65), in 1956, in infested areas showed th© absence, or only 
sporadic presence, of species of Trlchoderma« and other fungi, which were 
antagonistic to the disease producing fungus. However, in greenhouse 
experiments, control of the disease was obtained by infesting soil with 
Trichoderma species, Mitchell, Hooton, and Claris: (54), in 1941, found 
that the mycelium and solerotia of ?, omaivorum were destroyed after 
manorial treatment of infested soil* They believed that the killing of 
the solerotia occurred during the increase of soil microflora subssquash 
to manurial treatment* The sclsrotia that survived this population flush 
remained in the soil unaffected* Removal of the competitive effects of 
other microbes by soil sterilization, and subsequent reinoculation with 
P. omnivorum, permitted good growth of the fungus mycelium, regardless 
of the amount of decomposition which th© cotton roots or organic residues 
employed had previously undergone* The survival of the fungus was con­
sidered, therefore, to be limited by microbial interrelationships rather 
than by food exhaustion*
3* Root rot of sugarcane*
The study of microorganisms antagonistic to Pythium arrhenomaneg *
which causes a root rot of sugarcans and corn, had its beginning with 
the discovery by Tims (69), in 1932, of several antagonistic actinotnycetos. 
On® of th© actinomyeet© isolates incorporated into sterilized soil which 
had been Infested with Pythium reduced th© severity of root rot* It was 
shewn by LeBe&u (26), in 1939, that several species of Trlchoderma were 
antagonistic to the Pythium* He noticed that nitrogen fertilizers in** 
creased root rot while high phosphate fertilisers reduced it; however, 
neither nitrate nor phosphate had any marked effect on the antibiotic 
action of Trlchoderma spp» against P. arrhenomaneg, Further study of the 
effect of soil amendments on th® action of a©tlnomyoetca antagonistic to 
Pythium was undertaken by McCSahen (48) in 1949* Highly significant 
increases in the actinomycete population resulted from th® amendment of 
soil with bloodmeal and tankage* Significantly higher actiB0«yo©t© 
populations accompanied th© use of finely ground sterna and leaves of soy­
bean and cowpea plants* The antibiotic activity of the actinomycetes 
increased in all amendment treatments U3©& except th© bonemeal treatment*
A survey of th© sugarcane soils of Louisiana by Cooper (13, 14, 15) 
revealed that 23*6 per cent of all isolates of actinorayees .showed some 
antibiotic action to F* arrhenomancs in agar culture* The percentage 
of antagonistic strains and the average antibiosis of th© strains were 
lower in root rot soils than in soils in which root rot was lens severe* 
Results obtained through survey work by Connell (11) and by Luke (47) 
showed that 3*5 per cent of the bacteria and 16 per cent of the fungi 
isolated from Louisiana soils were antagonistic to the root rot fungus 
in agar culture* Th© three most comon antagonistic genera of fungi wer® 
PenlciIlium. Aspergillus, and Opicarla, The total population and antibiotic 
activity of the fungi were generally larger in heavy (root-rot) soils than
?
in light (nonroot rot) soils; however, the lowest antibiotic activity 
of the bacteria occurred in the root rot soils and the highest activity 
occurred in the nonroot rot soils. Evidence accumulated by Johnson (32, 
33, 34} indicated that antagonistic actinoruycotes were a factor in the 
suppression of root rot in nonsterilized soil. When corn was grown in 
soils which had been sterilized, infested with Pyth-lum, and allowed to 
become recontaminated by exposure to the atmosphere, ho found, that as 
the soils became reconteuai noted, there was a progressive doorcase in the 
severity of root rot with a corresponding increase in the population and 
antibiotic activity of the actlnomycetes. He obtained a significant 
decrease in disease severity by placing certain antagonistic actlnonyeetea 
in sterilized, artifically infested soil,
4. Diseases caused by Rhizoetonia solan!,
In 1932, dwindling (74) found that aerial hyphae of Trlchoderma 
llgnorum. when in close contact with Rhizoetonia aolanl hyphae caused 
disintegration of the cellular structure and a release of the cell con­
tents, Action at a distance was apparently caused by secretion of anti­
biotic products. In 1934 he obtained good control of damping-off of 
citrus seedlings caused by Rhizoetonia aolanl. by adding Trlchoderma 
spores to a sufficiently acidified soil (75), Haenseler and Allen (29), 
in 1934, reduced seed decay and damping-off of cucumbers and peas whan 
Trlchoderma was added to a soil heavily infested with Rhizoetonia, In 
E / 1939, Gordon and Haenseler (16) found a strain of Bacillus simplex that
was antagonistic to Rhizoetonia solani. With this organism they obtained 
some control of damping-off of cucumbers and pea a, A study of soil amend­
ments by Sanford (56), in 1947, indicated that in general the various 
nitrogenous salts and oornme&l definitely tended to reduce Rhizoetonia
disease ou potatoes, ac wall as the persistence of the pathogen. He 
attributed these results to th© antibiotic effects of the soil microflora, 
the antagonist of a number of bacteria, actinomycotes end fungi to 
Khigoctonis solan! was investigated by food in 1951 [76), A considerable 
number of each of the three groups were highly antagonistic. In green­
house experiments, damping-off of lettuce seedlings in previously steri­
lized soil was substantially controlled by some of the antagonists,
5. Diseases caused by Helminthosporlum sativum.
In 1931, Henry (30) found that th® pathogenicity of K, sativum of 
wheat seedlings was suppressed slightly by two aotiaomycetes, slightly 
more by two bacteria, much more by a combination of four fungi, and yet 
sore when these fungi were In combination with the actinomycetes and 
bacteria• He also found that the natural microflora of the black loam 
soil had a marked inhlbitive action on the development of the foot-roting 
fungus. Greaney and Machacek (26), in 1935, added cultures of Cepha- 
lotheciuan roseurn to sterilized, artificially infested soil, and obtained 
statistically significant control of fooi-rot of wheat. In 1936 Christensen 
(8) concluded that antibiosis was of little importance in suppressing 
seedling injury from diseased (H, sativum) barley seed. The addition of 
Trlohoderaia and several other fungi and bacteria to naturally infested 
barley seed in sterilized or nonsterilized soil did not inhibit or delay 
the parasitic action of this fungus. However, the addition of Trlchoderma 
ltgaorum to sterilized soil inoculated with H# sativum increased the 
stand, decreased the number of deformed and stunted plants, and suppressed 
seedling injury, Studies conducted by Anwar (£), in 1949, revealed that 
Bacillus subtilta. Trlohoderma lignorum. and Penlclllium spp., when added 
to steamed sterilized soil with H. sativum, gave control of the disease
9
on barley seedlings,
6. Other soil borne diseases.
It ha® been known for a long time that under certain condition® green 
manuring is a good control measure for potato scab caused by Streptomyces 
scabies (5?), In greenhouse experimsnts with soil infested with S* 
scabies and Actinomyces praecox. Millard and Taylor (52), in 1927, found 
reduction of scab in all cases. The S, scabies was apparently killed out, 
or reduced so greatly that no colonies appeared in th© dilution cultures. 
They stated that the inhibitory effect was probably caused by a starving 
of the weaker organism in competition for the food supply, Sanford (57), 
in 1946, obtained control of the disease by additions of rye and clover 
to greenhouse soil, Be stated that the stable population of the soil 
was not antagonistic to the scab organism, but when rye or clover was 
added, certain of the bacteria or fungi which were favored by this treat­
ment were antagonistic to the pathogen.
Complete inhibition of Pythium debaryanum which attacks alfalfa 
seedlings was obtained by Tan Luljk (70), in 1938, by adding to naturally 
infested soil a fluid in which a species of Penlcillium had been grown. 
This effect was not produced when th© Penlcillium culture liquid was 
replaced by spores. Van Luijk believed that no control was obtained 
because of the absence of a suitable carbohydrate, Gregory, et al*
(27, 28), in 1952, found several fungi, actinomyoetes, and bacteria which 
were antagonistic to Pythium debaryanum. They obtained complete control 
of damping-off of alfalfa by adding some of these antagonists to infested 
soil.
Other plant disease® which have been studied in relation to control 
by antagonistic microorganisms are banana wilt (51), root rot of sugar
10
beets (49), anthrscnose of flax (42), Armillaria root rot of citrus (3), 
and bacterial wilt of tomatoes (?)«
Survival of Microorganisms in soil
One Method which has been used In an attempt to control soil borne 
diseases consists of incorporating cultures of antagonistic Microorganisms 
into sterilized soil with the pathogen or into nonstsrilized naturally 
infested soil* It has been shown that In many cases the disease can be 
controlled when sterilized soil is used; however, little success has been 
obtained when using naturally infested soil* Katznelson (37, 38), in 
1940, believed that the Microorganisms perhaps do not survive when intro­
duced into soil* He inoculated various typical soil organisms singly and 
in combination into sterilized soil, and found that they generally 
increased in numbers to a maximum, then gradually decreased* He suggested 
that the Increase In available nutrients, as a result of sterilization, 
and the absence of competing organisms were responsible for these changes* 
When these organisms were inoculated into nonsterilized soil there was 
no increase In numbers to a maximum* The organisms began decreasing in 
numbers soon after he had Inoculated the soil* Three of the organisms. 
Pseudomonas fluoresceas* Fusarlum culmorura, and Actinomyces cellulose©« 
disappeared completely* Additions of alfalfa, straw, and manure to the 
soil in an attempt to establish these three organisms yielded little 
success*
An interesting aspect of survival of microorganisms in th© soil was 
studied by Anwar in 1949 (2), He infested soil with Fusarlum llni, 
which causes flax wilt, and with Helmlnthosporlum sativum, which causes 
a root rot of barley, and found that Fusarlum lini persisted much longer 
and in greater qu ntlty than did H* sativum* He Isolated microorganisms
11
from the soil® and found that many more were antagonistic to H* sativum 
than to F* lint* Ha believed that H* sativum did not persist in soil 
for long periods because of the antagonistic effect of microorganisms* 
Fuaarium llni, on the other hand, persisted in soil because of the low 
incidence of antagonists*
The rhinosphere
Several workers have shown that there exists around the root a region 
which is markedly affected by th© root excretions* There is an increased 
supply of materials In this region; such as, (1) plant excretions of an 
inorganic nature, (2) accessory growth substances, (3) amino nitrogen,
(4) other substances, and (5) food material supplied by "sloughed-off" 
root caps, root hairs, cortical and epidermal cells (39)* In the rhizo- 
sphere the phenomena of association, antagonism, and competition for 
oxygen and food are perhaps even more intense than in the soil proper, 
owing to the denser population at th© root surface and its greater physio­
logical activity* Here th© influence of root physiology and excretions 
may play an important role directly by stimulating or repelling the 
pathogen or indirectly by affecting the rhizosphere microflora (57}*
In 1932 Thom and Humfeld (64) presented evidence that corn roots 
which penetrated through masses of soil of either strongly acid or strongly 
alkaline reaction, still maintained their own reaction in or near th© 
general zone between pH 6 and pK 7*5 in which bacteriological activities 
were much more intense than under more acid or alkaline conditions* In 
doing this the corn roots created about themselves a very narrow zona 
favorable to bacterial and mold activity* Studies by Timonin (68), in 
1941, suggested that varieties of flax resistant to wilt contained in 
their root tissue chemical substance© which, when diffused or ©xcretod,
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depressed the activity of certain soil mloi’oorganisms« Resistant varieties 
secreted 25 to 5? mgm, of hydrocyanic acid par plant grown, while suscep­
tible varieties secreted only a trace of this chemical* The fungi tested 
responded differently to the chemical* He suggested (6?) that resistance 
to a certain disease may be linked with a selective action of root excre­
tions upon the saprophytic soil microflora, thus favoring types which m y  
he more, and in other cases less, antagonistic (directly or indirectly) 
towards pathogenic organisms*
Eaton and Rigler (18), in 1946, found that th® susceptibility to 
cotton-root rot was correlated with the carbohydrate level of the roots, 
with highest susceptibility being coincident with low carbohydrate levels* 
Microbial equilibria on the surface of the roots were markedly altered 
as the carbohydrate concentration within the root were increased* The 
number of certain microorganisms tended to increase through successive 
carbohydrate levels whereas others decreased* They believed that the 
carbohydrate level reflected the antibiotic protection afforded to the 
roots. Clark (9), in 1939, found that several types of organic amendments 
would control wheat root rot but significantly increased numbers of 
microorganisms in the rhizospher© were not encountered* He believed that 
there is an extreme localization of a true root surface bacterial flora 
which is not readily affected by soil amendments*
Inactivation of antibiotics 
Studies of the antagonistic action of Bacillus simplex towards 
Rhizoetonia aolanl by Cordon and Haenseler (16), in 1939, revealed that 
the bacillus produced an antibiotic which was capable of inhibiting th© 
growth of Rhizoetonia in agar culture* The effect was lose marked in 
the soil but some control of damping-off of cucumbers and peas was
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obtained. They suggested that the reason the organism did not produce 
good control of th© disease might have been due to the inactivation of 
the antibiotic by soil microorganisms, or the adsorption of the antibiotic 
by soil colloids, or the inactivation of the antibiotic by certain chemical 
constituents of the soil. In 1942, Wakeman and Woodruff (73) found that 
when actinomycln was added to th© soil it was inactivated* They concluded 
that soils, peats, and composts contained a substance (humus) which con­
siderably reduced the activity of actinomycln, even in culture media,
A considerable amount of research on inactivation of antibiotics 
has been done by Gottlieb, ©t el (S3, 24, 23, 60)* Exhaustive experiments 
revealed that antibiotics might be inactivated by adsorption on soil 
colloids and/or degraded by the normal soil microflora, Chloromycetinp 
clavaein, and actidione were stable in sterile soil but were rapidly 
Inactivated in nonsterile soil, Basic antibiotics such as streptomycin 
and streptothricin were inactivated by the clay, the organic matter, and 
the microflora of the soil.
Research by Smith and Worrel (61), in 1930, Indicated the steps In 
the breakdown of Chloromycetin by microorganisms. They found that several 
bacteria, which were sensitive to the action of Chloromycetin, were able 
to degrade the antibiotic by hydrolyzing th© amide linkage, reducing the 
nitro group, oxidizing th© secondary hydroxyl group, and bringing about 
a cleavage of the molecule between the first and second carbons of the 
propanidlal portion of the molecule. At least 18 products were isolated 
and identified ae break-down products of Chloromycetin, tony of the pro­
ducts formed could be utilized by the bacteria and might act as growth 
factors.
M ATERIALS AND METfSODS
An isolate of Pythium arrhenomanes Dreschler, which was isolated 
from sugarcane roots by the author in 1950 ( 32), was used throughout this 
study* Observations of the anther id ia and oogonla on carrot medium, 
and of sporangia on water agar, confirmed the identification of this 
fungus (1?)*
Dilution and Isolation Methods
The dilution technique used in this study was patterned along standard 
lines, A portion of the soil sample to be diluted was oven-dried and the 
moisture content calculated. One hundred grams of dry soil was added to 
a liter of sterile water* The dilution was shaken in a uniform manner
every five minutes for 30 minutes. One ml* portions of the material were
transferred through a series of flasks containing sterile water until the 
desired dilution had been reached* One ml* of the desired dilution was 
then added to a tube containing about 15 c,c« of an agar medium, shaken 
In a uniform manner, and poured into a Petri dish. The usual dilution of 
soil to water for each type of organism studied and the agar medium used 
were as fellowsi
Fungi........ . * • 1:20,000 , » » * • Rose Bengal Agar (62)
Aotinomyoetee , . . . 1:100,000 . * „ * Conn’s glycerol aaparaginat©
agar (45)
Bacteria. . , * * . ,  1:100,000,000 * « Thornton’s mannitol asparagin
agar (66)
After the organisms had developed on th© agar plates, a random sample 




Method of testing for Antibiotic Activity 
After sufficient growth in pur© culture, the organisms were tested 
for antibiotic activity against Pythium arrhenomaaea, this was done by 
streaking the organism to be tested on one side of a Petri dish contain­
ing Czapeks sucrose nitrate agar (45), After 48 hours of incubation at 
approximately 27 degrees 0,, a disk of P„ arrhenoiaaneg was placed on the 
opposite aide of the Petri dish. After re-ineubation for 8 days, the clear 
sos* of inhibition, if any, between the two colonies was measured in mil­
limeters (Pig, 1),
In order to determine how long the clear sons persisted, the cultures 
were reinoubated at 27 degrees 0, and measurements of the radius of the 
antagonist and the clear none were made every five days up to 30 days 
after inoculation, The testing of all isolates for antibiotic activity 
was performed in triplicate*
Method of Testing Isolates for Hoot Rot Control
Four day old Czapek's agar cultures of P, arrhehomanos were cut into
blocks of 0,5 to 1*0 centimeters and stirred into 3 inch pots of soil 
which had been previously sterilized. The isolates to be tested were 
grown on Czapek’o agar for seven days (Fig, 8), chopped, end then stirred
into the soil immediately after infestation with Pythium, One-third of
a Petri plate culture of Pythium and of the isolate to be tested were added 
to each pot of soil. Three grains of Whlte-Tux Pan corn wore planted in 
each pot on© week after infestation. After two weeks of growth, the roots 
were washed free of soil and the amount of root rot present was determined 
by rating the plants in visual infection classes (Fig, 3),
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Fig, 1, Antagonism ©f three microorganism© (top) to Pythium 
arrhenomanea (bottom). Left to rights actinomycete, 
fungus, and bacterium, {
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Fig, 2, Representative examples of Isolates used to infest 
soil. Left to right: fungus, bacterium, and 
actinoraycete.
Fig* 3* Pythium arrhenomnes infection classes on com root3* left
to right?' Class 09 no infection; Class 1, trac© of infection; 
Clo3s 2 t slight infection; Class 39 moderate infection; Class 
4, aoyere infection; and Glass 5, germination and/or emergence 
prevented*
m m a m r s A t  exults
BXESRIMBSNT I* rats ISOLATION, II.)^I?ICATION, AND BSTJMIMTIOH Qf TIM 
ANTIBIOTIC ACTION OF SOIL MXCEOOE0AHI31® AGAINST OTKItfM 
ARRaaSOKftNBS,
Previous workers have shown that souse soil microorganisms control 
Pythium root rot of corn or sugarcane in greenhouse tests. However, for 
the majority of Isolates tested, erratic results were obtained* It 
appeared that a basic approach to eventual biological control of the 
disease would be to determine th® types of soil microorganisms which 
affect the severity of Pythium root rot in the field* Discounting pos­
sible synergic effects, it is assumed that the microorganisms which affect 
the severity of the disease in the field will significantly control arti­
ficially induced root rot under greenhouse conditions when added singly 
to Pythium infested soils* Therefore, the isolation, identification, and 
determination of antibiotic action against Pythium In agar culture repre­
sents the preliminary research necessary i?i determining the types of 
microorganisms which may be factors in the severity of root rot of sugar­
cane*
Dilutions of Mississippi river flood plain soil obtained from the 
Louisiana *tate University sugarcane farm were made, and fungi, bacteria, 
and actinomycetos were isolated* Isolates were selected at random; how­
ever, an attempt was made to select as many different cultural types aa 
possible. A few of th© antagonistic fungal and bacterial isolates selected 
were obtained from B* H* Luke and D* L, Connell. The microorganisms
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so
obtained from these workers were isolated from various Louisiana sugar­
cane soils* All the isolatea were tested for antagonism to Pythium 
arrhenomanes in the manner previously described, and isolates were selected 
for further study* The fungal isolates were tentatively identified to 
genera; however, no special attempt was made to identify the actlnomyoete 
and bacterial isolates. The antibiotic properties of the selected iso­
lates of fungi, bacteria, and actlnousyeetes are listed in Table© 1, II, 
and III respectively. Lists of the nonantagonistic types ©re found else­
where.
Table I. Inhibition of Pythium arrhenomanea in agar culture by antagonistic fungi* Measurements
In millimeters*
Inhibition 7 days after Inoculation Overgrowth of zone after the 7th day
Radius of Clear stone of Total Growth of Growth of Days required for
Isolate Genus colony inhibition inhibition Isolate Pythium overgrowth
AF-12 Penicillin® 9 3 12 3 0 10
AF-1 « 7 6 13 2 1 10
AF-19 tr 10 10 20 10 0 15
AF-21 i» 8 12 21 12 0 15
AF~27 w 3 1 4 1 0 10
AF-28 » 5 15 80 12 0 30
AF-29 Tt r> trace 2 • - 7
AF-52 ft 8 9 17 0 9 20
AF-45 ft 8 9 17 9 0 20
AF-46 n 9 10 19 10 0 20
AF-35 M 8 48 50 12 0 50
AS*~48 ft 10 8 18 8 0 20
AF-45 ft 9 10 19 10 0 20
AF“42 n 10 9 19 9 0 20
A? “49 H 9 10 19 10 0 15
AF-39 tt 7 trace 7 * “ 7
AF-11 ft 8 16 24 16 0 20
&?» 2 Bpicarla 11 8 19 2 0 30
AF- 3 e 11 12 03 4 0 30
AF-* 5 n 10 9 19 3 0 30
AT- 8 ft 8 1 9 1 0 10
AF-13 » 10 6 16 6 0 15
M-14 » 14 5 19 2 0 30
AF*22 R 9 12 21 B 2 30
A?-30 # 12 % 14 2 0 25
M - m f? 11 4 15 4 0 15
AF-M t* 10 11 21 0 0 30
AP-47 ft 10 11 21 1 0 30
AF-5G W 10 11 21 3 0 30
AF-5X ft 7 15 22 5 0 30
Tabic I. (Coat'd)
Inhibition 7 days after Inoculation 
Radius of Clear zone of Total 
Isolate Genua Colony Inhibition inhibition
AF-l? Aspergillus 11 12 23
AF-24 9 19 28
AP-25 » 9 3 12
A M I w 13 7 20
A M ? 11 1 12
AF-41 « 6 1 7
AF-44 T» 9 1 10
A M S IT 17 trace 17
A M S ft 12 trace 12
AF-36 Monosporlum 8 4 12
AF-38 » 7 3 10
AF-4Q n 6 2 8
AF- 7 Ollobotrys 7 21 28
AF-X8 ti 9 20 29
A M O Honilia 3 13 IS
AF-16 « 2 15 17
AF-58 Horssodeadrum 6 1 7
A M O Botrytis 7 trace 7
.AF-15 Fusarium 5 13 18
A?~ 4 tJnksown 7 trace 7
AF- 6 n 12 trace 12
AF* 9 ff 12 trace 12
AF-S5 t? 19 2 21
A?~26 tt 5 o 7
AT-33 » 9 Z 11
AF-53 !f 12 trace 12
-AM4 tf 10 trace 10
AF-57 it 7 trace 7
Overgrowth of zone after the 7th day 
Growth of Growth of Days required for 
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Table II. Inhibition of Pythium arrhenomanes in agar culture by antagonistic bacteria. Jaeaeureraente
in millimeters.
Isolate
Inhibition 7 days after Inoculation Overgrowth of none after the 7th day
Radius of 
colony




Growth of Growth of Days required for 
Isolate Pythium overgrowth of zone
AB- 1 7 1 8 0 1 10AB- 2 11 trace 11 - • 7
AS- 3 6 2 8 0 2 10AB- 4 6 2 8 0 2 10AB- 5 10 trace 10 « 7
AB- 6 9 3 12 1 2 10
AB- 7 6 trace 6 - — 7AB— 8 8 3 10 0 2 10AB- 9 6 2 8 1 1 10AB-10 7 2 9 1 1 10
AB-11 8 1 9 0 1 10
AB—12 11 1 12 0 1 10
AB-15 n trace 11 - - 7
AB-14 12 trace 12 - * 7
AB-15 5 1 6 0 X 10
AB-16 a 1 9 0 1 10
AB-17 7 2 9 0 2 10
AB-1B 6 5 11 0 5 10
AB—19 2 trace 2 - — 7
AB-80 9 1 10 1 0 10
AB—21 24 trace 24 . ~ 7
AB-22 8 1 9 0 1 10
AB-23 4 3 7 0 3 10
AB-2'4 6 rt*o 9 1 2 10
AB-25 8 trace 8 - * 7
AB-26 8 4 12 0 4 10
AB-27 5 I 6 0 1 10
AB-28 5 trace 5 « art 7
Table II # (cont'd)
Isolat©
Inhibition 7 tars after inoculation OrerKfowth of zone after the 7th day
Badius of 
colony




Growth of Growth of 
Isolate Pythias
Days required for 
©▼er&r€w*ih of zone
AB-S9 3 trace 3 • «. 7
AB-3Q 6 1 7 0 1 10
AB-31 6 2 10 0 2 10
A8-32 5 5 10 0 5 10
AB-33 8 1 9 0 1 10
AB-34 5 2 7 0 2 10
AB-35 7 7 14 0 7 10
AB-36 3 8 11 1 7 15
AB-57 S trace 8 ■tm «■ 7AB-3S 6 p. 3 0 *•>c* 10
AB-39 8 trace 8 ** ~ 7
AB-40 6 3 9 I 2 10
AB—41 9 4 13 1 3 10
AB-42 7 3 10 0 3 10
AB-43 13 trace 13 - « 7
AB-44 6 trace 6 » • 7
AB-45 7 5 12 2 3 10
AB-46 9 tree® 9 cam *. 7
aB—47 4 Ktv 9 1 4 10iiB»48 3 1 4 0 1 10
.4B-49 11 2 13 1 1 10
AB-50 5 3 3 0 S 10
AB-51 4 2 & 0 £ 10AB—52 6 5 9 0 3 10
AB-53 7 2 9 0 10
A3—54 14 trace 14 - « 7
AB-55 6 1 7 0 1 10
Table III*, Inhibition of Pythltun arrhanomanoa in agar culture by antagonistic actlnomycetee. Measure­
ments In millimeters.
Inhibition 7 days after Inoculation
Radius of Clear sson® of Total Growth of Growth of Days requiz
Isolate colony inhibition inhibition Isolate Pythium overgrowth
AA- 1 3 6 9 1 5 10
AA- S 4 4 8 % 2 15
A A- 3 4 15 19 6 9 15
AA- 4 2 18 20 2 2 30
AA- 5 5 26 31 a 0 30
AA- 6 4 1 5 0 1 10
AA- 7 7 9 0 7 25
AA- 8 4 17 21 9 0 30
AA- 9 4 12 16 7 0 30
AA-10 5 trace 5 4M - 7
AA—11 nw 12 17 3 9 15
AA-12 6 10 16 7 15
AA—13 4 7 11 3 4 15
M-14 6 10 16 3 7 15
AA-15 3 6 9 1 5 10
AA-16 5 4 9 1 3 15
AA-17 € 11 17 4 7 15
AA—18 3 12 15 4 AKJ 30
AA-19 4 21 25 5 0 30
AA-20 3 1 4 0 1 10
AA-21 5 1 6 0 1 10
AA-22 3 trace 3 - - 7
AA-S 3 4 14 IB 2 6 30
AA-24 4 4 8 4 0 20
AA-S5 2 5 7 2 OrkJ 15
AA-26 4 2 6 0 £ 10
AA—27 2 15 17 1 w 30
AA—SB 3 27 30 7 0 30




Inhibition 7 days after inoculation Overgrowth of zone after the 7th day
Radius of 
colony




Growth of Growth of 
Isolate Pythium
Gaya required for 
overgrowth of zone
AJW50 15 7 10 6 0 30
AA-31 4 2 6 1 1 10
A A-32 3 31 34 8 1 30
M-33 4 23 29 7 0 30
AA-34 3 10 11 5 0 30
M»35 2 4 6 1 3 15
AA-36 T?V> 15 18 3 12 15
AA*3? s 17 20 2 0 30
AA-36 4 7 11 3 4 15
AA-39 5 11 16 3 8 15
M-40 5 0 12 1 8 15
AA—41 4 1 5 0 1 10
M-42 3 9 12 4 0 30
AA-43 3 truce 3 - am 7
AA-44 4 16 19 6 9 15
AA-45 4 9 13 3 0 30
A A-46 4 12 16 4 8 15
AA-47 5 trace 3 **• (Ar 7
M - 48 4 1 5 0 1 10
AA-49 4 1 5 0 1 10
AA-50 6 13 19 4 9 15
AA-51 3 trace 3 • «* 7
AA-52 3 10 13 2 8 10
AA-53 3 27 30 8 0 30
AA-54 4 13 17 4 9 154 A „f~Cv 6 14 30 5 9 15
.AA-56 2 6 8 3 2 30
AA-57 4 1 5 0 1 10M-58 6 13 19 3 10 15
2 7
Species of Panic illium. Spicaria. and Aspergillus were th© most 
common ©oil fungi found to he antagonistic to P* arrhenoiaaneg, A 
Penielllium Isolate (AF-35) produced a larger none of inhibition than 
any other microorganism tested* Of the genera of fungi tested, species 
Penlclllimn. Bnlcaria. Aspergillus. Ollobotrys. Monilla. and Fuaarium 
produced clear zones of inhibition of 10 mm* or more* Other genera which 
produced smaller nones were species of Monosporltmu Hormodendrum* Botrytts. 
and eeverel fungi which could not be identified* Although no special 
attempt was made to identify the baoteria to genera, several distinct 
morphological and cultural types were encountered which indicated that 
the antagonistic bacterial isolates were comprised of different genera*
Hie bacterial isolates, In general, produced much less inhibition than 
did the fungi and actinomycetes* Preliminary observations of the antag­
onistic actinomycete isolates indicated that most, if not all, belonged 
to the genus Streptomareeg, and that many different species were repre- 
seated (72)* The actinomyoetes produced zones of Inhibition which varied 
from a trace to 54 mm*
The persistence of the clear zone was Quite variable in the fungal 
and actinomycete isolates* The zone persisted, in many cases, for more 
than 30 days after inoculation* With a few exceptions, Pythium was com­
pletely inhibited after the seventh day by the fungi, and any overgrowth 
of the zone which occurred was usually from the antagonistic isolate* 
However, in most caeca, Pythium grew to some extent over th© son© pro­
duced by the actinomycete Isolates. Most of the isolates of certain 
genera, such as Monllia and Spicaria. had a tendency to produce a stable 
zone* On th© other hand, none of the Aspergillus and few of the ?sni_- 
eilllum isolates produced stable zones* None of the bacterial isolates 
produced a zone which persisted for more than 1© days after inoculation*
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EXPERIMENT II* ATTEMPTS TO R1OTCE THE SEVERITY OF FTTHIM HOOT ROT BY 
JSICROGRGANISMS ANTAGONISTIC TO FYTHXUM m m m O M A M B .
This experiment was designed to determine whether or not organ! am© 
which were antagonistic to Pythium arrhenomanes in agar culture would 
decrease or prevent root rot caused by Pythium in the soil* In order 
to determine their effect on Pythium root rot, these antagonistic micro­
organisms and Pythium were incorporated into ©oils which had been pre­
viously sterilised* Gora was grown in these treated soils and the 
degree of Pythium infection was calculated*
Detailed experimental methods for this experiment have been described 
previously. All the microorganisms listed In Tables I, IX and XIX were 
tested in the manner described in five replicates* Each replicate con­
sisted of three plants In one pot* Th© isolate® of each type were usually 
tested in groups of from 9 to IS isolates* Two type® of controls were 
usedj soils which were infested with Pythium arrhenomanes alone, and 
soils which received no treatment* An analysis of variance was made for 
each test, and th© least significant difference at the 8 per cent level 
of probability was calculated. Results of these tests are found in Tables 
IV, V, and TL for the fungi, bacteria, and actlaomycetes respectively.
For purposes of facility in handling, the isolate© were labeled
according to the following system:
Antagonistic Fungi • « » » . «  AF-1 to AF-5Q
Antagonistic Bacteria, • • • • AB-1 to AB-S5
Antagonistic Actinomycete® * , AA-1 to AA-S8
O  'i
T a b le  I V *  T be  e f f e c t  o f  f u n g i  a n t a g o n i s t i c  t o  P y t h iu a  a r r h e n o a a n e s
i n  a g a r  c u l t u r e s  u p o n  F y tla lu m  r o o t  r o t  o f  c o r n  i n  s t e r i l i z e d .
artificially infested soli.
Isolate
Decree of infection in replicate 
1 2 3 4 5 Total Are.
AF-10 2*0 1*3 2 .0 1.7 2.0 9.0 1.80*
AF-19 2*7 1.7 4.0 2.3 1,7 12.4 2,48.
AF-S4 8,7 2.3 1.3 2,0 1.3 9,6 1.92
AF- 1 8,0 8.7 8.0 1.7 2.7 11.1 2,22
AF-80 2,7 1*7 3.0 8.0 2.7 12.1 2.48
AF-17 8*7 3.0 2,3 3.7 8.3 14.0 8.80
AF- 3 1.3 1.7 2.0 1.3 2.0 8,3 1*66*
AF-54 8.7 8.0 2.0 2.3 1.7 10.7 2,14
AF-12 8.0 3.7 8.7 3.7 2.0 14.1 2.82
AF-22 3.7 8.5 3.3 2.7 1.7 13.7 2,74
AF-11 8.7 3.0 3.0 8.3 2.3 13, 3 2,66
AF- 5 2.7 1*3 1.7 2,3 1.3 9.3 1.86
AA- 5 1.0 0.7 2,0 3.0 1,0 7.7 1,54*
Control (Infested)
2.0 2.3 2,7 2.3 3,7 13.0 2.60
Control (Sen-infested)
0.0 0.0 0,0 0,0 0,0 00.0 0,00
L.S.D,(.05} ® ,78
Group II«
AF-23 4.3 2.3 3.3 2.7 5. 5 15,9 3.18*
AF-35 3.7 3.7 o, 0 2.3 4.3 17.3 3,46*
AF-53 3.0 4.3 3,7 3,0 4.0 18,0 3,60
AF-30 3.7 4.0 3,3 3,3 2,7 17.0 3,40*
AF-14 3.0 3.3 4.7 4,0 3.7 18,7 3,74
AF-32 3.7 3.7 3.7 4.0 4,7 10.0 3,96
AF-81 4.3 3.7 4.0 4,0 3,7 19.7 3,94
AF-13 3.3 3*7 4.0 3.3 4.0 18.3 3.66
AF- 2 3.7 4.0 3,3 3.0 3,3 17,3 3,46*
A M 4 3.3 3.7 3.0 4,0 3,3 17.3 3,46*
AF-31 3.7 4.0 3.0 3.0 3,0 16.7 3,34*
AA- 5 2.7 1.3 1.7 3,0 3.0 11.7 2.34*
Control (Infested)
4.0 3.7 4,3 4,7 4*0 20,7 4,14
Control (fion-inf ested)





Pe«ree of infection in replicate 
1 2  3 4 5 Total AV£„
AF-15 3*3 2.0 3.0 4,3 2,7 15.3 5.06AF-29 3.0 2.3 3.0 3,3 4.0 15,6 3.12
AF- 9 8.0 1.3 1,0 2.0 1.7 8,0 1.60*AF- 4 3.7 1.3 3.0 2,0 3.0 13,0 2.60
AF-25 8.0 2,3 2.3 8.0 2.7 11.3 2.86
AF- 7 5.3 3,0 3.3 3,0 2,0 14,6 2.92
AF-26 3.0 3.3 4.0 3,0 2,7 16.0 3.20
AF-18 4.3 8.0 2.0 8,0 8,3 18.6 2,52
AF- 6 5.0 8.3 3.0 3,3 3,3 14.9 2,98
AA- 5 8.3 1,0 8.0 0,3 1,3 6.9 1*38*
Control (Infested)
8.7 1.0 8*7 5,0 5,7 15,1 2,62
Control (Ken-infested)
0.0 0.0 0.0 0.0 0.0 00.0 0.00
I>«3,D« (,03) * ,87
Group IV
AF-55 4.4 4.0 3.3 3.3 2.3 17.2 3.44
AF-57 8.7 3.7 2.0 3.7 4.0 16.1 3,22
AF-28 2.3 2,7 1.3 2.7 1.7 10,7 2.14*
AF-27 3.3 3,0 4,3 4,3 3.7 18.6 3.72
AF-16 8.7 3.3 3.7 3.7 3,0 16,4 3.28
AF-56 5.3 3.7 3.0 3,3 3.7 17.0 3,40
AF- 8 3.0 2.7 3,3 1.7 2.7 13.4 2*68
AF-58 3.7 4,0 4.0 2,3 3.7 17,7 3.54
AA- 5 1.0 1.3 1,7 2.3 1.3 7.8 1.68*
Control{Infested)
3.7 3.0 2,0 2.3 4.0 15,0 3,00
Control (Non-infested)
0,0 0.0 0.0 0.0 0.0 00.0 0.00
L.3.D. (.05) » ,79
a  *
Table 17, (ConVd)
Group V,_______ __________________________________ ______
Decree of Infection in replicate 
Isolate_________ 1 g  3 4 5 Total
AT-35 1*0 3.3 3,3
AF-42 4*0 4.7 5.0
AF-37 4.7 4.3 4.3
AF-50 5.0 5.0 4,7
AF-45 4.3 4.3 4.3
AF-49 3.7 4.7 4.7
AF-48 4.3 4.0 4.7
AF-39 4.0 4,3 4.3
AF-51 5.0 5.0 4.7





4.0 3.0 14.6 2,98*
5,0 4.3 23.0 4,60
4.3 5.0 22.6 4, 52
4,7 4.7 24.1 4.32
4.3 4.0 21,2 4.24
4.0 3.7 20.3 4,16
4.3 4,0 21,3 4.26
4.7 3.0 20,3 4,06
4.7 4.7 24.1 4.82
2.0 3.3 16, 4 3.28*
4.3 4.7 23,4 4,68
0,0 0.0 00.0 0.00
L,5.P.(,05) a .69
Group VI.
AF-52 2.3 3,7 4.3 3.3 4,0 17.6 3.52
AF-38 4,0 2,7 4,0 4,0 V  *To * ̂ 18.0 3*50
AF-46 2.3 3,3 4,0 3.3 3.0 18,9 3,18*
AF-36 3.7 5.7 3,3 4.0 3.7 18*4 3,68
AF-43 3*3 4.0 4.3 4.0 3.0 18,6 3,72
AF-47 4.0 3,7 4.0 4*0 5,3. 19,0 3,80
AF-44 3,0 3.0 4,3 4,0 4* 0 18.3 3,66
AF-41 ft trO* V 4,5 4.0 4.0 3,0 18.6 3.72
AF-40 4,3 4.0 3.7 4.0 4,0 20,0 4,00
AA- 5 3.7 3,0 2,7 3,3 3,0 18.7 3.14*
Control (Infested)
4.3 3.7 4.3 4, 0 4,0 20.3 4*06
Control (Non-infosted)
0.0 0,0 0,0 0.0 0.0 00*0 0,00
T ,8,13. (.05) ® .60
3 2
T a b le  Y .  Th®  e f f e c t  o f  b a c t e r i a  a n t a g o n i s t i c  t o  p y th iu m  a rrh e n c m a n e a




Be^re® of infection in replicate 
1 2  3 4 6 Total Airg.
AB- 1 4.3 3.3 4.0 2.3 3,0 16.9 3.38
AB- g 3.7 3,0 4.3 2,3 3.3 16,6 3,32
AB- 3 2.0 3*0 2.0 2.0 4,0 13.0 2.60*
AB- 4 4*0 3.0 3,3 2.7 4.3 17*3 3*46
AB- 5 2.3 3*3 3,7 3.3 rr r?*5*0 15*9 3,18
AB- 6 2.7 3,7 3,0 2.3 3,7 15,4 3,08
.AB- 7 4,3 3*0 4.0 2,7 3,0 17*0 3,40
AB- 8 4*3 2,0 2,7 2,0 3*3 14,3 2.86
AB- 9 4.0 3, o 3,3 3,7 3.7 18.0 3.60
aB-io 3*7 3,7 2,7 3.0 3,0 16,1 3.22
AA.- 5 1*7 2.0 2.0 2,0 2*3 10.0 S. 00*
Control (Infested)
3*7 4.0 3,7 3.0 3,3 17.7 3,54
Control (Non-infested)
0*0 0.0 0.0 0.0 0*0 00,0 0.00
L.S.D.U05) « ,79
Group IIa
AB-11 2,0 2,7 2,0 2.3 2.0 11,0 S. 20*
AB-12 2,3 3.3 2.3 3.3 4.0 15,2 3,04
AB-13 3.3 2*0 2.7 8*7 8,0 12.7 2*54
AB-14 3,0 ry r*^  e O £.3 4.0 16.3 3.26
AB-15 4.0 2.7 2.3 8.7 3,7 15,4 3,08
A.B-16 3.0 2,3 3.7 3,0 2.3 14.3 2.86
AB-17 3.7 2,5 3.0 3.0 3,3 15.3 3,06
AE-18 2,7 3 >7 rr e?0 .9 *J rv  f \  ■ ' * O '“I,£* # K* 15,0 3,00
AE-19 2,0 3.0 2,7 3.0 2,0 18,7 2.54
A/- 5 1.0 1.3 0*7 1.7 0.7 5.4 1,08^
Control (Infested)
3,0 3,0 3,7 2 •  5 3.0 15,0 3,00
Control (Non-infestsd)
0*0 0.0 0,0 0.0 0.0 00.0 0,00
I.S.T’U*Q5) « .69
Table V, {Gout1 A ) 
Group III.________
Degree of 1afootion in replicate
Isolate 1 2 3 4 z> Total Av«.
AB-20 2*7 4.3 2.3 2,0 2.7 14.0 2,80
AB-21 3.3 3,0 3,7 3. 0 4,7 17,7 3,54AB-22 3*0 3,3 £.7 2,0 4,7 15.7 ‘ 3.14
AB-23 3.3 3,0 3,3 4,0 3,0 16.6 3.52
AB-24 2.0 1.3 £.7 3,0 1.3 10.3 2,06*
AB-25 2.3 3,0 2,5 3.0 3.3 13,9 2.78
AB-26 2.7 4.7 1.7 4.3 3.3 16,7 3.34
AB—87 3.7 2,7 2.7 2,7 5.0 14,8 2.96
AB-28 3.0 2,3 1.7 3.7 4.0 14.7 2,94
AA- 5 0.7 3,0 2.0 2.0 0,3 8.0 1.60*
Control (Infested)
2.7 4.7 2,7 5.3 3.0 16,4 3,28
Control (Hon-infested}
0.0 0.0 0.0 0.0 0.0 00,0 0.00
X*,i> • D, (* 05) — 1.02
AB-29 1.7 1.3 3.0 2.7 5.3 12,0 8,40*
AB-30 3.7 4.7 4.0 4.0 3,7 20.1 4.08
AB-31 2.3 4.7 4.0 3.7 2.3 17.0 3.40*
AB-52 3.7 4.3 4.0 4.0 3.7 19.7 3,94
AB-33 4.3 3.7 3.3 4.0 4,7 20,0 4.00
AB-34 3.0 3.0 3,3 2.7 4.0 16.0 3,20*
AB-35 4.3 3.5 3.7 3.7 3.7 18.7 3,74
AB-36 4,7 S.O 4,0 5,0 4,5 23,0 4.60
AB-37 3.3 4.7 5.3 3,3 4.0 18,6 3.72
AA- 5 3.3 3.0 3.0 1.7 3.5 14.3 2.86*
Control (Infested)
4.0 4.0 4.5 4,3 4,0 20.6 4,12
Control (Hon-infested)
0.0 0,0 0.0 0.0 o. 0 00.0 0.00
i->,  » 0 » \ » O i u ) ) | m  H tJ U z i
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Table V* (Cont’d) 
Group V,_________ _
ttegree of infection In replicate
Isolate 1 fy<+ r*o 4 5 Total Avft,
AB-38 3*7 3*0 4# 0 3.3 3.3 17*3 3.46
AB-39 4.0 4.3 3.Q 3,0 4.7 19*0 3.80
AB-40 4.0 3*3 3.0 3,7 3.7 17.7 3.54
AB-41 4*0 3.3 3.0 4.3 3,3 17,9 3,58
AB-42 3.3 3.7 4.0 S.7 3,0 16,7 3.34*
AB-43 4*0 3*0 4.7 4.7 4,0 SO. 4 4,08
AB-44 4.3 4.0 3.7 4. 0 4,0 80.0 4.00
AB-45 3*3 4.3 3.7 5,0 3,7 20*0 4,00





3*3 3.0 3.0 3,0 16,6 3,12*
4*0
Control(Non-infested}
3.7 4,0 4,7 3.7 80.1 4*02







u r o u p  » a .
AE-47 3.3 3.7 3,3 <5 f?e-> *  f 4.7 17.7 3,84
AB-48 2.7 O f 2.7 A  * *4e U 2,3 15.3 3*06
/  T> /
a 3.7 r; % j r j  f> *.J * f' •r\ r-r /A» < r*i* •-* 16.1 3.22
AB-50 3.0 3,3 2.7 3,0 3.0 15.0 3,00*
AB-51 3,3 2.7 3.7 2,7 3.0 15.4 3,08
AB-52 3.7 3.0 2,7 2,0 3,0 14,4 8,88*
AE-53 3.0 2.7 t? »? i 4,3 5,3 17.0 3,40
AE-54 2.3 2.3 2,7 3,3 3,0 13,6 2.72*
: 'T ._ r :  p: 4.3 -Tw a ^ 3.0 A*J  * s-' 3.0 16,6 3,38
AA.- 5 2.3 2,0 2.3 3 , 3 2,7 11.6 8,38*
Control {InfoT j t o d ]
4,0 3,0 3.7 4.0 3,7 18,4 3*68
Control (Non-'infested)
0.0 0.0 0,0 0,0 0.0 00,0 0.00
L.3,r>»(»05) * ,65
T a b le  V I ,  T h e  e f f e c t  o f  a c t in o m y e e t a s  a n t a g o n i s t i c  to P y th iu m
a rrh e n o ia a n e s  i n  a g a r  c u l t u r e s  u p o n  P y th iu m  root rot
o f  c o rn  i n  s t e r i l i z e d ,  a r t i f i c i a l l y  i n f e s t e d  s o i l *
Group I.
Degree of infection in replicate
Isolate 1 2 3 4 5 Total Avg,
AA-40 2,7 3.3 3.7 3,7 3.0 16,4 3.28*
AA- 8 3*3 2*7 2,3 3.7 3,0 15.0 3,00*
AA- 3 3.? 2.3 3.0 3,0 3,3 15.3 3,06*
AA-36 3.3 3.7 £.7 3.0 2,7 15.4 3.08*
AA-23 4.3 4*0 4*0 4.3 5.0 21.6 4,32
AA-18 4.3 4.7 3.3 4.7 4.3 21.3 4.£6
AA-26 3.3 2.7 a fz o.O ct r? 3.0 15.6 3,12*
AA-25 4.7 4.0 4.0 4,0 3*7 2C a 4 4,08
AA-22 4.0 4.0 4,3 4,0 4.0 £0,3 4.06
AA-29 4.3 5.0 4,7 4,0 4,0 22.0 4.40
Control (Infested)
4.0 4.7 5.0 4*0 4.0 21.7 4*34
Control (Non-inf©sted)
0.0 0.0 0.0 0,0 0*0 00,0 0,00
Xj»O»t)a{,05) — *33
Group II.
AA-54 3.3 2.7 3.3 3,0 3,0 15,3 3.06*
AA-42 3.7 5.0 4.7 3,3 3.7 20,4 4,08
4.0 3.0 4,0 4,0 3.3 18.3 3,66*
AA-53 5.7 4.0 4.0 2.7 4.3 18.7 3.74*
AA-4 6 4.7 r r  rr•- V  »  J ft<_' 4  « A  n.'tl'1 3*0 19*0 3,80*
AA-5Q 4.0 4.7 4,0 4,3 20.3 4.06
A 4-52 4,3 *5 *7«-/ 9  r 4,3 2,7 4,3 19,3 3,86*
AA-35 4.3 4.0 4.3 4.0 4.3 20.9 4,18
AA-45 3.0 3,7 4,0 4,5 4,3 19.3 5.86*
AA-43 4.7 5.0 4.0 5.0 4*3 25,0 4.60
Control (Infested)
5.0 4.5 4.7 4,7 4,7 23,4 4.68
Control (Kon-1 rife at ed }
0.0 0,0 0.0 0,0 0*0 00,0 0,00
L.8,D,(.0&) * .64IIIMIWiiJh li .JL. n.'lwn«irii i fct.ri.in.
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Table YI* (Coat’d) 
Group X X X * _____
Decree of infeet ion in replicate
Isolate 1 2 3 4 5 Total Avfc.
AA—19 3,7 4,7 4,0 3,3 3.3 19,0 3.80
M -  4 f> 9i*19 r 4,7 3,3 4.7 3,7 19.1 3.88
AA-37 4,3 3.0 4.3 4,3 4.3 80.2 4.04
/vA-4? 4,3 5.0 4,3 4.3 4,3 o >~i , ... 4* 44
AA-51 2,7 4.3 4,0 3,0 4.0 18,0 3.60*
\A-34 4,3 4,3 4.0 4.7 4.7 22.0 4.40
AA— 9 4,3 4,3 4,0 4.7 4,7 22,0 4*40
AA-17 5,0 3,7 5.0 3.3 4 . tjf 81,3 4,26
AA- 7 4,3 3.0 3.0 3,7 4.0 18 * 0 5.60*
.AA-41 3,7 4.7 4,3 4.3 3.7 20,7 4.14
. \A-44 3.3 3.7 4.3 3.0 3*0 17*3 3.46*









4,0 5.0 4.3 4.3 21.9 4.38







AA-SS 3,0 3.3 3.3
AA-15 3.7 3.3' 3.0
AA-13 4.3 3.0 3,0
AA- 1 2.7 3.0 3*7
AA-31 r-t r- Hi • O 2.0 \j, 0
AA-14 o.O 4.3 4.3
/Ui-49 4.3 4,0 3.0
*tA-57 2.7 4,0 4.0
AA-21 •D 9 O 'T t?9 -J o,3
JiA-32 4.0 3.0 2,7
3.7 3.0 O . (
A A— 39 3.0 3.7 3,3
•' -J- .*“1.̂ 2.7 4.3 3,0
:A-27 3,7 3,7 4,0
A/Wll 3,0 3.0 t- j $ ̂
A A—43 4,0 4.3 4.7
AA-56 3.7 3.0 *.> W*-.■ &  KS
Control (Infested)
3.3 3*7 4, u
Control (Non-infested}
0,0 O.o 0,0
4,3 3.0 IS,9 3.38
3.3 2.7 16,0 3.20
3.7 3.3 17,3 3,46
rt (7fJ.O 3,0 -Ju*.' # f 5,14
0 . 0 r.O  9 wJ 13.6 2.72*
3.0 3,0 17. S 5,52
3,0 3,0 1 rt.A, 1 » 5*46
3.0 3,7 17.4 3.48
3.7 3,3 1 5 , 9 5.38
3.7 2,7 16.1 3*22
C; n£»u ' 3 , 7 1 C .  8 3,36
3,7 3.7 17.4 3.48
2,7 4 , 0 1 6 . 7 3.34
4.3 o 1 9 . 0 3,80
3.0 15® 3 1 4 . 6 pu/ d
4,0 3.3 20,3 4.06
3.3 1 5 , 0 3,12
3 , 7 3,3 1 3 , 5 3,66
0 , 0 0 . 0 ( X > . 0 0,00
Table VI, {Coat'd) 
Croup V,a _____
Avp„ degree of 











aTuis test selected from previous research {32}
33
Aetinoiaycete isolate (M-5) produced a high degree of control of
root rot under greenhouse conditions. This Isolate was used as an addi­
tional control in each test of the fungal and bacterial isolates* Signifi­
cant differences at the 5 per cent level of probability were indicated by
an asterisk*
Most of the Isolates produced some degree of reduction of Pythium 
root rot, but in many cases this reduction was not statistically signi­
ficant* Twenty-one per cent of the fungi! 30 per cent of the bacteria* 
and 34 per cent of the actinomycetea significantly reduced the sorority 
of the disease* The amount of control produced by some of the isolates 
is shewn in Figures 4* 3, and 6*
39
Fig, 4. The reduction of Pythium root rot of corn by fungal isolates 
added to sterilized, artificially infested soil# Left to 
right: Noninfested control, actinomycete control (M-5),
Penicilliuci (AF-28), Aspergillus (iUT-24), Spicaria (Aff-3), 
and infested control#
40
Fig, 5. The reduction of Fythium root rot by bacterial isolates added 
to sterilized, artificially infested soil* Left to right: 
Non-infeated control, AB-31, AB-46, and infested control.
41
Fig, 6, The reduction of Pythium root rot of corn by an actinomycete 
isolate added to sterilized, artificially Infested soil*
Left to right: infested control, AA-5, and noninfestod
control.
42
A large amount of variation among replicates was noted in the tests,
This variation was calculated as experimental error, with the result, 
that in some eases, the least significant difference between isolates 
was high. Due to the large amount of variation obtained, it seemed 
desirable to know whether or not the isolates which controlled the 
disease would again control the disease in repeated teats. Therefore, 
all the isolates tdiich controlled root rot and some selected isolates 
which did not control the disease were retested twice. The results 
obtained in these repeated tests are found in Tables VII and Till (fungi), 
Tables IX and X (bacteria), and Tables XI and XII (aotlnomycetos).
Table VII. The effect of fungi antagonistic to Fythima arrheno^anea
in agar cultures upon Fythiua root rot of corn in sterilized, 
artificially Infested soil*
Oe&res of infection in replicate
Isolate 1 2 3 4 5 Total Arg.
AF-5S 3.3 3.3 3.7 3.0 8.7 17,0 3,40
AF-38 3*7 3.3 3.3 3.7 4.0 18.0 3,60
AF-22 3*3 3.3 3.3 3.7 2.7 16.3 3.26
AF-30 3*0 S.7 3.3 2.3 3,0 14,3 8.86*
AF- g 3.0 2.7 2.7 2.7 3.3 14,4 2.88*
AF-33 3*0 2.7 8.7 3.3 3,3 16.0 3,20
AF-1I 3*3 3.7 3.3 3.3 3.0 16,6 8.88
AF-28 3.0 2.7 3.0 2.7 3.0 14,4 8.88*
AF-15 3.0 3.0 2.7 3.0 3.0 14,7 2.94*
AF-18 3.3 3.0 3.0 3.7 3,3 16,5 3.26
AF-46 3.0 2.7 3.0 2.7 3.0 14.4 2,88*
AF-Sl 3.7 3.0 3.0 3.3 3,0 16.0 3,20
AA- 5 2*3 
Control (Infested)




3.3 3.3 3.7 8.7 18.0 3,60





AF-10 3.3 3.7 4.0
AF-31 3.0 3.0 8.7
AF- 3 2.0 3,3 5.7
AT- 5 4,0 4.3 3,7
AF-24 3.7 4.0 3.7
AF- 9 4.3 2,3 4.5
AF-12 4.0 4.3 4.0
AF-54 4.7 5,0 4.0
AF-34 4,3 4.5 3.7
AF-25 2.7 4*0 3,3
AT-23 4.0 4.0 4.0
AF-32 5.0 4.0 4.0
AF-35 4.3 4.3 4.3





3,7 4,7 19,4 3.88*
2.7 2.7 14.1 8.88*
3.0 3.0 15.0 3,00*
5.0 4,0 81.0 4,80
4.0 3.7 19.1 5,82*
4,0 4.3 19.2 3,84*
4.3 4.7 21,3 4,26
4.0 3*7 21.4 4*28
5.3 5.0 20.6 4,12
4,3 3.7 18*0 3*60*
3*7 4.0 19.7 3,94*
4.3 4,0 81,3 4*26
2.7 4*0 19,6 3,92*
2.7 2,0 12*7 2,54*
4*7 4*7 23.1 4*62
0.0 0,0 00*0 0.00
L,S*B, {*05) • *65
44
T a b le  T i l l ,  T h e  e f f e c t  © f  f u n g i  a n t a g o n i s t i c  t o  P y th iu m  a rrh cn o in arj.es
l a  a g a r  c u l t u r e s  u p o n  P y th lu m  r o o t  r o t  o f  c o m  i n  s t e r i l i s e d *
a r t i f i c i a l l y  i n f e s t e d  s o i l *  I s o l a t e s  t e s t e d  w e r e  s e le c t e d
Group I.
from these listed ia Table VII,
Isolate
Degree of infection in replicate 
i 2 3 4 5 Total Av&,
AF-34 3*7 2*7 4*0 3,3 1.7 15.4 3.08*AF- 3 3*7 3.7 3.0 1*7 3.0 15.1 3,02*AF-1Q 3.3 4.0 4*3 4.0 4*0 10*6 3*92
AF-23 3.3 3.7 3.7 3,3 3,3 17.3 3,46
AF-31 3*0 2,7 2*7 3*3 3*0 14,7 8.94*
AF-33 4*0 4*3 4*0 3,0 4.0 10,3 3,86
AF-51 3*0 3*3 3.0 3,3 2.7 15*3 3.06*
AF-12 2*7 4*0 2*7 4*3 3.3 17.0 3*40
AF-52 4.3 4*0 3.0 3.0 3.7 18,0 3*60
AF-22 4*3 4.0 4.3 4*7 3.3 2,06 4.12
AF—28 4,0 4*3 4*0 3,7 3.0 10,0 3*80
AA— 5 3*7 1*0 3*3 1.3 2,3 11.6 2,32*
Control (Infested)
4,3 4.0 4*3 3.3 4.0 19,0 3,98
Control (Non-infeeted)
0,0 0*0 0.0 0,0 0,0 00.0 0.00
L.S.D*(.05) s ,76
Group II.
AF—34 4.0 4*0 3*3
AF-32 5.0 3.7 5*0
AF-35 3,0 4.3 3,7
AF-25 3,7 3.7 3.7
AF-11 S.O 4,0 4.0
AF-15 4.3 4.3 5,0
AF-18 4.0 5.0 4.7
AF-46 4,3 5*0 5,0
AF- 2 4,3 4,7 4.0
AF- 5 6.0 5.0 5,0
AF-38 3.7 4.7 4.7
AF-30 5,0 5,0 5.0
AF- 9 4.0 5.0 5,0





4*0 3*3 IS. 6 3.72*
4*0 4.0 21,7 4*34
3.0 4*3 18*3 3,66*
5*0 4.0 20,1 4,02
4*0 3*7 20.7 4,14
4.0 4*7 22.3 4* 46
4.3 4*3 22.3 4*46
4* 3 4*7 23.3 4*66
3*3 4.0 20.3 4,06
5.0 4*0 24,0 4,80
4.0 5*0 22,1 4.42
5*0 4,7 24,7 4.94
5*0 4*7 23,7 4.74
3.3 3,3 17.3 3,46*
4.0 4,0 21,6 4*82
0.0 0*0 00,0 0,00
L.S.D*(.05) * .58
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Table IX. The effect of bacteria antagonistic to Pythluw arrheno^anaa 
in agar cultures upon Pythium root rot of c o m  in sterilized, 
artificially infested soil. Isolates tested ^ere selected 
from those listed in Table Y*
Group I.
Degree of infection in replicate
Isolate 1 «u 3 4 3 Total
AB-13 4.3 1.7 3.7 1.7 4.0 13*4 3,08*
AB-14 3.7 8.7 4.0 3.0 3*3 16.7 3,34
AB-21 3.7 4.3 3.3 3.0 8.0 16.3 3.26
AB-28 4.0 3.7 4*0 3.7 3*3 18.7 3.74
AB-B4 2.3 3.7 3.3 3.7 4*0 17.0 3.40
AB- 9 4.0 3.7 4.3 4*0 3*7 19,7 3*94
AB- 3 3.3 3.3 4.3 3.0 4*0 17*9 3.58
AB- 8 4.0 4.0 3.3 3.7 3*7 ie*7 3.74
AA- 5 2.7 2.0 3.3 2.0 3.7 13.7 8,74*
Control (Infested)
4.0 4.3 4.0 4.0 4.3 20.6 4*12
Control (Hen-infested)
0.0 0.0 0.0 0.0 0.0 00,0 0.00
L.3.D.(.05) *.81
Group IX.
AB-19 3.0 4.0 4.0
AB-38 3.7 4.0 3.7
AB—46 3.0 3,0 3,0
AB-45 3.3 3.7 3.3
AB-50 3*7 3.3 4.0
AB-31 3,7 8,7 3.7
AB—35 4,7 4*0 3.0
AB—54 3,7 5,0 4.0
AB-18 4.0 3.3 4.7





3.7 3,7 18.4 3.68*
4.0 4*3 19.7 3,94
3.7 3.0 15.7 3.14*
3.3 4,0 17.6 3*58*
3.3 3.7 18.0 3,60
3.0 S.3 15,4 3,08*
4*0 4.0 19.7 3.94
4,7 3.7 81.1 4,88
4,0 3.7 19*7 3,94
3.3 3.7 17.9 3.58*
4.0 4,0 21.6 4.38
0,0 0.0 00,0 0*00
L.3.D,<, Ob) » ,55
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Table IX* (OontM) 
Group III*
Decree of Infection in replicate
Isolate 1 . .2 . . 3 4 5 Total .
AB-34 4.0 4.3 3.0 4.3 3.7 19.3 3.86
AB-39 2.7 3.0 3,7 2,7 2,7 14,8 2.96*
AB-52 2.7 4.0 3.7 3,3 3.7 17.4 3.48
AB- 7 3.0 4.5 4.0 2,7 2.7 16,7 3.34
AB-29 3.0 3.7 4,3 3,3 4.0 18.3 3,66
AB-51 2.3 3.3 4,3 4*0 2,3 16.2 3,24*
AB-42 3.3 3.0 2,7 3.7 3.7 16.4 5.88*
AB-48 3.7 4.0 4.0 5.0 3.7 18,4 3.68
AB-11 2.0 3.7 5.3 4.0 4,3 17,3 3.46
AA- 5 3.3 5.7 4.0 2,3 2.0 15,3 3,06*
Control (Infested)
3*7 3.7 3,7 4,3 4,0 19.4 3,88
Control (Non-infest©a)
0*0 0.0 0,0 0.0 0.0 00,0 0,00
I.S.P,(,05) g >60
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Table X. The offset of bacteria antagonistic to Pythiun arrhenormnea 
in agar culture® upon Pythium roof rot of corn in sterilised* 
artificially infested soil* Isolates tested were selected 
from those listed in Table IX.
Pj o to i . ______________________________________________________
Degree of infection In replicate
Isolate 1 2 3 4 S' Total Arg.
AB-19 3*3 3*0 3*3 4.0 3*0 16.6 3*32*
AB- 7 4*0 4.3 3*3 4.0 4.7 20,3 4,06
AB—23 4*7 5.0 5.0 4.0 3.7 22.4 4,48
AB-11 3*0 4*0 4.0 4.0 4,0 19,0 3,80
AB- 3 4.0 4*3 4.3 3,3 3.7 19.6 3.92
ab-13 4*3 2.3 3.3 3.0 3,0 15,9 3,18*
AB-35 3.3 3.3 5.0 4.7 4*7 21.0 4*20
AB- 3 3.3 3* v* 3.0 3*3 2.7 15.6 3.12*
AB-38 S.O 4.0 4.3 4*0 4.0 21.5 4.26
AA- 5 3.7 3.0 4.0 3.3 n? , V 17.3 3.46*
Control (Infested)
4.Q 4.0 4*7 4.3 4.7 21.7 4.34
Control (Hen-Infested)
0.0 0*0 0*0 0.0 0.0 0,0 0.00
liSiD* (*05) s *63
Group II.
AB—45 4,3 4,0 3*3 3.7 3.0 18*3 3.66
AB- 9 4,0 3.0 3,7 4,3 3,0 18,0 3.60
AB-31 4,3 3*3 3*3 3,3 3.3 17,5 3.50
AB-24 4,3 3,7 4,0 4.0 3,3 19,3 3,86
AB-54 3,7 3.0 4,0 3,7 5,3 17,7 3.54
AB-48 3.0 3.7 3.7 4,0 4, 3 18,7 3.74
AB-34 4.7 4,3 5,3 3,7 3*0 19.0 3*80
AB-21 4.7 4*3 4.7 3.3 4.0 21.0 4*20
AE-14 3.0 3.3 3,7 3,0 3.0 16,0 3. 20*
AA— 5 3.7 3,3 2.7 3.0 3*0 15,7 3.14*
Control (Infested)
3.7 5,7 4,0 3*7 4,0 19.1 3.82
Control {Non-infested)




Group I I I . _
Degree of infection in replioate
Isolate 1 2 3 4 5 Total Am*
AB-50 6,0 4.0 3,7 4.3 4, 3 21,3 4.26
AB-6S 4.? 4.3 4.0 4.0 3.7 20.7 4,14
AB-39 4.6 5.0 5.0 4,3 4.7 23.3 4,66
AB-46 4.7 3.0 5.0 4*0 4.7 21,4 4.23
AB-18 6.3 4.3 4.0 5.0 5.0 20.6 4.12
AB-S1 4.7 4.0 3.3 3,7 5.0 20.7 4.14
AB-S9 4.7 4.0 3.3 4,7 4.3 21,0 4.20
AE-42 4.7 5,0 5.0 3.7 4.0 22.4 4,48
AA- 5 3.0 1.3 2,7 1,7 3.0 11.7 2.34*
0 1 I (Infested)
5.7 5.0 4.0 5.0 3.7 21. 4 4.28
Control (Kon-infested) 
0.0 0.0 0.0 0.0 0.0 00.0 0.00
L.S,D.(,Q5) s >76
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Table XI. The effect of actinomy ce tas antagonistic to Pytniun arrhc- 
nomsnes in agar cultures upon Pythium root rot of corn in 
sterilized, artificially infested soil* Isolates tested laare 
selected from those listed in Table VI.
Group I.
Degree of infection in replicate
Isolate 1 2 3 4 5 Total A vs.
AA-44 2.3 3.7 4.3 4.0 4.7 19.0 3.80AA- 8 3.0 2.0 3.3 3,3 3,0 14.6 2.92*AA-51 4.3 3.0 4.0 4.7 3.3 19.3 3.86
^•26 3.3 4.0 3.0 3.7 3.7 17,7 3.54AA-36 3.0 3.0 3.0 3.7 3.3 16,0 3.20*
AA- 3 4.3 4.3 4,0 3,7 3,0 19.3 3.86
AA-23 5.0 4.3 3.7 3.3 4.3 20.6 4.12
AA-40 4.3 4.7 3.0 3.7 3.7 19.4 3,88
AA- 7 4.0 4.0 4.3 4.3 3.0 19.6 3.92
AA-37 4.0 
Control (Infested)
4.7 3.3 3,3 4,0 19.3 3.86
3.7
Control (Non-infested)
4.0 4.3 3,3 4.3 19,6 3.92
0.0 0.0 0,0 0,0 0,0 00,0 0.00
I..a»P.(.0B) « .78
Group II.
AA-31 4.0 3.7 3,7 3.0 2,7 17.1 3,42*
AA—39 2.3 2,7 3.0 3.0 2.7 13.7 2,74*
AA-52 3.0 3.7 3.0 3,7 4,0 17,4 3,48
AA-53 2.7 3.0 3.0 2,7 3.0 14. 4 2.88*
AA-27 3.7 4.7 3.7 4.3 3.0 19.4 3.88
AA-11 3.0 2.7 4,3 4.7 3.3 18.0 3.60
AA—46 4,0 4.3 3.3 3.0 3.7 18,3 3,66
AA-32 3.7 3,7 3.0 3,3 3.7 17.4 3.48
AA-54 3.0 3.0 3,3 2.7 3.0 15.0 3,00*
AA-55 3.0 3.0 2.7 3,0 3.7 15.4 3.08*
AA-45 5.3 3.7 3.7 3.7 4,7 19.1 3.82
Control (Infested)
4.0 4.0 3.7 4.3 4.0 20.0 4.00
Control (Non-infested)
0.0 0,0 0.0 0.0 0.0 00.0 0.00
L.3.D*{,05) a .57
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Tab la 'a, (Conva) 
Grout) III.®
Avg# degree of











aThis teat selected froir previous research (32}
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Table XII* The effect of actinomycetes antagonistic to Pythiiim
arrhenoraanea In agar cultures upon Pythium root rot of 
c om In sterilized, artificially infested soil* Isolates
Group X*
tested were selected from those listed in Table XX.
Isolate
Decree of infection in replicate 
1 8 3 4 5 Total Avg,
AA- 7 4.3 e.o 4.3 3.7 4.7 22.0 4.40
AA-37 3.7 4.0 3.3 4.3 4*7 20.0 4,00
AA-11 3.3 3.0 4.3 3.0 3.7 17*3 3.46*
AA-54 3.0 3.7 3.3 4.0 4.7 18.7 3.74*
AA-27 4.0 4.3 4.3 4.3 3.3 20.2 4.04
AA-45 4.7 3.7 4.7 4.3 4,0 21.4 4.28
AA-44 3.0 4.7 3.3 3.0 3*3 17.3 3,46*
AA- 3 3.3 4.3 3.7 4.0 4.7 20,0 4.00
AA- 6 3.3 4.0 3.3 3.3 3.7 17.6 3.52*





2.7 3.0 3.7 3,0 15.7 3.14*
4*7
Control (Non-infssted)
3.7 4.0 5.0 4.7 22*1 4,42





AA-40 4.3 4.0 3,0
AA-55 2.7 3.7 3.0
AA-36 3,7 2.7 3.3
AA-46 3.0 3.7 4.0
AA-51 3.7 4.0 4.0
AA-23 4.0 3.3 4.7
AA-52 3.3 3.0 3.0
AA-32 4.0 4.0 3.3
AA-26 3.0 3.0 3.7





3,0 3.0 17.3 3.46
3.3 3,0 15,7 3.14*
3.0 4.3 17,0 3,40
3.0 3.7 17,4 3.48
3.7 4.3 19,7 3.94
5.0 4.0 21,0 4,20
3.7 8.7 15,7 3.14*
3,7 4.0 19.0 3,80
3,7 4.0 17.4 3.48
3.3 3.3 16.0 3.20*
3.7 4.3 20,0 4.00

















•This test selected from previous research (38).
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From these data It appears that some of the isolates were constant 
In their ability to control the disease while others behaved erratically 
in this regard, The number of microorganisms and the degree of control 
which they produced based upon the number of times which control was 
obtained in the three tests are shown in fable XIII,
fable XIII, The number of microorganisms which controlled Fythium root 
rot and the degree of control obtained in three tests.
Degree of control®
dumber of isolates tested three times
Fungi Bacteria Actinomyoetes
good 3 0 ?
moderate 9 7 6
poor A 11 10
none 7 8 6
agood • « * Significant control of the disease in all 3 tests,
moderate • Significant control of the disease in 2 of the 3 tests,
poor • • * Significant control In only one of the 5 tests,
none • . . No significant control obtained in any of the 3 tests.
It may be noted that more actinomycet© isolates produced good control 
than did the fungi; while none of the bacterial isolates produced signi­
ficant control in all three tests. It is of interest to note that the 
only genera which produced control in all three oases were isolates of 
Panicillliun, Aspergillus, Suicaria, and Streptpayees,
It seemed desirable to attempt to determine the relationship between 
the degree of control produced by the isolates and their antagonistic 
activity in agar cultures* The degree of control of root rot produced 
by each Isolate was calculated by subtracting the average "degree of 
infection" from the infested control. The degree of control of the 
isolates tested three times was an average of the thro© values obtained* 
All of the antagonistic isolates were placed in classes according 
to the magnitude of their total Inhibition, For example, if an isolate
54
produced a total inhibition of 13 m *  it was placed in tho 11-15 mm* 
inhibition class* The average degree of control of the Isolates in each 
inhibition olass was calculated* These results are graphically illus­
trated in Fig. 7, The data indicate that, in general, more control was 
produced by the actinomycet© isolates than by the fungal and bacterial 
isolates. The fungi, and especially the actinomycetes, which produced 
large zones of Inhibition gave more control of the disease than did 
Isolates which produced ana 11 zones of inhibition.
The antagonistic isolates of fungi and actlnomyoetes were divided 
into three groups, according to the length of time their zone of inhibi­
tion persisted. The average degree of control which was produced by each 
of these groups was calculated. The relation between the persistence 
of the zone of inhibition of these microorganisms and the degree of con­
trol produced is graphically illustrated in Fig, 8, The data indicate 
again, that the actinomycetes produced more control than did the fungi. 
The data also indicate that, in general, better control waa obtained with 
isolates producing zones of inhibition which persisted for more than 10 
days than with isolates producing zones which were overgrown before the 









26 +6-10 11-15 16-20
INHIBITION CLASS (M M )
Fig. 7. The relation between the magnitude of the total inhibition 
produced by isolates antagonistic to Pythium a nr he Romanes 




PERSISTENCE OF ZONE OF INHIBITION (IN DAYS)
Fig* 8* The relation between the pereistance of the JBone of inhibition 
produced by isolates antagonistic to Pythiuxa arrhenomaaeg and 
their ability to control Pythium root rot of corn*
rosHiimr nx. attempts to control m m v u  boot rot by tm  umz of
MICROORGANISMS NOT ANTAGONISTIC TO PYTOtJM ARRHSN0I4AMS,
No attempts have been made In the past to determine whether or not 
soil microorganisms which are not antagonistic to Pythium In agar cul­
tures will control the root rot disease under greenhouse conditions. If 
control could be obtained by the us© of nonantagonistic microorganisms, 
a new approach to the problem of eventual biological control in the field 
night be necessary. Furthermore, a knowledge of the activity of these 
microorganisms night lead to a better understanding of the antibiotic 
activities in the soil. With the exception of possible synergic effects, 
it is aesuned that microorganisms which affect the severity of the disease 
in the field will control root rot under greenhouse conditions.
Dilutions of Mississippi river bottom soil were made, and fungi, 
bacteria, and actinomycetes were Isolated in pure culture, A large 
number of isolates of each type were tested for antagonism to Pythium 
arrhenomanes. All isolate® which proved to be antagonistic were discarded 
and random samples of the nonantagonistic types were selected for further 
study. The fungal isolates were tentatively identified to genera; however 
no special attempt was made to identify the actinorayeete and bacterial 
Isolates,
For purposes of facility in handling, the isolates were labeled 
according to the following systems
Nonantagonistic fungi, NAF-1 to NAF-61
Nonantagonistic bacteria • * , « « « « •  MAB-X to MAB-60 
Nonantagonistic actinomycetes, • , » » # NAA-1 to NAA-60
The isolates were tested in the manner previously described, with the 
e x c e p tio n  that the testa were in triplicate, Results of these tests are
found in Tables XXV, XV, and XVI,
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T a b le  X I V ,  T h e  e f f e c t  o f  f u n g i  n o n a n t a g o n is t ic  t o  P y th iu m  a rrh sn o .m an es
i n  a g a r  c u l t u r e s  u p o n  P y th iu m  r o o t  r o t  o f  c o r n  i n  s t o r i l i s a d ,
a r t i f i c i a l l y  i n f e s t e d  s o i l .
Group I, _____________________ ___________ _
Degree of infection in replicate
Isolate Genus 1 2 3 Total .... Av£._.
NAF-11 Fusarium 4.3 4.7 4.0 13.0 4.33
KAF- 5 Unknown 4,3 4.0 3,7 12,0 4.00
HAP- 3 Fenicillium 4,3 3.3 4.0 11.6 3.87
HAF-15 Fusarium 3,0 4.0 3*7 10.7 3.57
HAF— 8 Fusarium 4,3 4.3 4.3 IS.9 4.30
KAF- 2 Fenieillium 4,3 4.0 4,0 12.3 4,10
HAP-12 Unknown 4.3 4,0 3,7 12.0 4,00
RAF- 4 Hormiscium 3.7 4,3 3.3 U.3 3,78
HAF-16 Trichoderma 4,3 3.7 4.3 12.3 4.10
HAF-28 Monotospore 4.3 4.3 4,3 12,9 4.30
KAF- 7 Fusariura 3.3 3.3 3,3 9.9 3.30®
KAF-26 Unknown 4,0 4,0 3.3 11,3 3.78
RAF-17 Hhizoctonia 4.0 4.7 4,3 13,0 4.33
MF-14 Trichoderma 3.3 4.0 4,0 11.3 3.78
KAF- 1 Aspergillus 4.0 4.0 4.0 12,0 4.00£)KAF-10 Trichoderma 3,0 3,0 3,7 9.7 3.23®
NAF-22 Monilia 3.7 4.0 3.0 10.7 3,37
KAF-24 Aspergillus 3.7 3.7 4.3 11.7 3.90
RAF- 9 Trichoderma 4.3 3.3 3.7 11.3 3.78
KAF- 6 Trichoderma 4.3 3.7 3,7 11.7 3.90
NAF-13 Trichoderma B.O 3.3 2.3 7.6 2.53®
Control (Infested) 4.0 4,0 4,7 12,7 4, 23
Control (Ron-infested) 0.0 0.0 0.0 00.0 0.00
Group II,
KAF-45 Fusarium 5,0 3.3 3.0 9.3 3,10a
NAF-61 Manilla 3.3 4.0 3.3 10,6 3.53
KAF-6G Hhizoctonia 4.0 4.5 3,7 12.0 4.00
NAF-54 Oedocephalum 3.7 3.7 5.7 11.3 3.78
KAF-3 7 Unknown 3,7 ra *? i i  .  ) 4,5 11# 7 3.90
HAF-59 Unknown 3.3 3,7 4.0 11,0 3,67
NAF-56 Unknown 3,3 rt rrw t w 2.7 9,3 3.10a
NAF-27 PeniciIlium 4.3 4.0 3.7 12,0 4,00
NAF-55 Unknown 4. o 3.3 3,7 11.3 5.78
NAF-55 Stachylidium 3,3 3.7 4.0 11.0 3.67
KAF-48 Trichoderma 3.7 3,0 3.7 10,4 3,47
RAF-34 Oospora 3,7 3,0 3,7 10,4 5,47
HAF-47 Unknown 4.3 r*t J ,  i 3,7 11.7 3.90
NAF-57 Aspergillus 4,3 3.7 3,3 11.3 3.78
KAF-50 Unknown 3.3 3,7 5,0 12.0 4.00
RAF-51 Hormiscium 2,7 5.3 3.3 9.3 3,10®
NAF-46 Trichoderma o  rf 3,3 9,3 3,10®
KAF-53 Unknown 4.0 3.7 3.3 11,0 3,67
IlAF-52 Botryti3 4.3 3,7 4,5 12,3 4,3-0
KAF-56 Unknown 3.3 3,0 3,0 9.3 3.10a
Table XIY, (Cont*d)
Isolate Genus
Degree of infection in replicate
” r  .......  2 " ' ' 3 Total . Ayg...
NAF-43 Spioaria 5.0 4*0 4.3 11.3 3.78J5AF—44 Unknown 4.3 3*7 5.7 11.7 3.90
Control (Infested) 4.0 3.7 3.7 11.4 3.80
Control {Non-inf ested) 0*0 0.0 0.0 00.0 0.00
Group 111#
HAF-40 Unknown 4.0 4.3 4.3 12.6 4.20
HAF-S3 Penicillium 4.7 4.7 4.0 13,4 4.47
HAF-41 Monotospora 3.7 4.0 4.7 12.4 4,13
NAF-42 Hhizoctonia 5.0 4.0 3.7 12,7 4,23
HAF-39 Gliocladium 4.3 5.0 4,0 13,3 4.43
HAF-29 Unknown 3.3 4.3 4.7 12.3 4.10
NAF-25 Monilia 3.3 5.0 4.3 12.6 4,20
NAF-30 Fusarium 3.3 3.3 3.0 9.6 3,SO®1
HAF-20 Monilia 4.7 3.3 4.0 12.0 4.00
NAF-38 Rhizoctonla 3.7 3.7 5,0 12,4 4.13
KAF-31 Penicillium 5.0 4.3 3*7 13.0 4,33
NAF-21 Penicillium 5.0 4.7 3.7 13.4 4,47
NAF-32 Unknown 4.0 4.7 4.3 13,0 4.33
KAF-33 Fusarium 3.7 3,0 3,0 9,7 3,25a
NAF-19 Unknown 4.0 4.7 4.0 12,7 4.23
NAF-18 Penicillium 4.7 3.3 4.0 12,0 4.00
KAF-49 Fusarium 4.0 3.3 4.7 12.0 4.00
NAf-36 Unknown 5.0 4.0 4.3 13,3 4.43
Control (Infested) 3.7 4.0 4.0 11,7 3.90
Control (Non-infested) 0.0 0.0 0.0 00.0 0.00
aIndicates some degree of control* Repeated in subsequent experiments*
T a b le  X V , T h e  e f f e c t  o f  b a c t e r i a  n o u a r t a g o n lc t ic  t o  P y t h i um n r r fc enom anefl
i n  a g a r  c u l t u r e s  u p o n  P y th iu m  r o o t  r o t  o f  c o r n  in . s t e r i l i z e d ,
a r t i f i c i a l l y  i n f e s t e d  s o i l *
Group I.______________________________________ _________
Degree of infection in replicate 
Isolate  l______  2_________ 3 T o t a l ____ Ayg.
NAB-38 3*7 2.3 4,0 10,0 fit ASra®sJ ̂
NAB-41 3*7 4*0 3*3 11*0 3.67
NAB-35 3*3 3,3 4.0 10.6 3.53a
NAB-22 3.0 4.0 5*0 12.0 4,00
NAB-32 3.3 4,0 4,7 12.0 4.00
KAB-12 4.0 3,7 4,0 11.7 3.90
NAB-28 4.7 5.0 3.3 13,0 4,33
NAB-21 3,0 4,7 4.3 12*0 4.00
RAB-42 3,7 4.0 3.7 11,4 3.80
RAB-40 3,7 4,0 4*3 12,0 4,00
NAB-19 4,0 4.0 4.0 12*0 4,00
NAB- 7 3*7 3.7 2*7 10*1 3.3?a
RAB-34 4.3 4,3 4.3 12*9 4*30
NAB- 5 5.0 3,0 3.3 11.3 3,77
NAB-51 4.3 3.0 4.0 11.3 3*77
NAB-36 3.7 4.0 3,0 10*7 5.57
NAB-13 4.7 4*3 4* 3 13,3 4,43
NAB-39 4,0 4*0 3.7 11.7 3,90
NAB-30 3.3 4.7 4.7 12,7 4.23
Control (Infested) 3,7 4.3 3.7 11.7 3,90
Control (Non-infested) 0.0 0.0 0.0 00,0 0.00
Group XI*
NAB-15 4.0 5.0 4.3 13.3 4.43
NAB- 2 3.3 3.7 5.0 12.0 4.00
NAB-37 3.7 3.0 5,0 11*7 3.90
NAB- 4 4*3 3,7 3.7 11,7 3,90
NAB-10 4.0 4,0 3,? 11*7 3,00
HAB-17 3.0 4.7 4.7 12,4 4.13
NAB-11 3.3 4.0 3,0 10.3 3.43s
NAB—24 3*0 2,7 4,7 10,4 3.47s
NAB-16 4.0 5,0 4.7 13.7 4.57
KAB-23 3.7 4.3 4,3 12*3 4,10
NAB- 8 3.7 4.3 3,3 11.3 3,77
NAB-14 3.0 5.0 4.3 12,3 4,10
HA3-25 4.7 4*3 4.0 13.0 4 , Oo
NAB-26 3.7 2.7 2.7 9,1 3,03J
NAB- 6 4,7 4,7 5,0 14,4 4,80
NAB-18 4.7 3,7 3.7 13,1 4,03
NAB-20 4.7 4,0 3,3 13,0 4,00
NAB- 1 3.0 3,7 5,0 11,7 3,90
NAB- 3 4,0 4,0 4.0 12,0 4.00
NAB- 9 4.3 4*3 3.7 12.3 4,10
Control (Infested) 4.0 4,3 4,3 .12,6 4.20
Control (Non-infested) 0,0 0,0 0,0 00,0 0,00
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Table XV*. (C entf d }
Isolate
’ *  ♦
Decree of Infection in replicate
1 2  3 Total Avg.
NAB-51 3.7 3.7 4,0 11.4 3,80
NAB-45 4.3 5.0 5.0 14,3 4,77
NAB-44 4.0 3.3 4.7 12,0 4.00
NAB-58 4.0 4.0 4.0 12.0 4.00
NAB-60 5.0 3.7 3.7 12.4 4,13
NAB-56 3.3 3.7 4.7 11,7 3,90
NAB-57 3.7 3.7 3.7 11,1 3.70
NAB-48 5.0 4.7 3,0 12.7 4,23
NAB-29 3.7 3.3 3.3 10.3 3.43a
NAB-33 3.3 3.7 4.7 11.7 3,90
NAB-59 4.7 4.7 3,7 13.1 4,37
NAB-55 3.0 3.3 3.3 9,6 3.20a
RAB-27 3.7 3.3 4.7 11,7 3,90
NAB-S4 4.0 4,3 4.5 12.6 4.20
NAB-47 4.0 4,0 4,3 12,3 4.10
NAB-53 3.7 3.3 5,0 12,0 4,00
NAB-50 3.7 4.3 4.3 12.3 4,10
NAB-46 4.3 4,3 4,0 12,6 4,20
NAB-52 3.3 4,3 4.7 12,3 4,10
NAB-43 4.7 5,0 4.3 14,0 4,67
NAB-49 5.0 4,0 4,0 13.0 4.33
Control (Infested) 4.3 4,0 4,0 12.3 4.10
Control {Non-infested) 0*0 0.0 0,0 00,0 0.00
aIndicates some degree of control. Repeated in subsequent experiments.
i n b l s  X H .  T h e  e f f o o t  o f  a c t in o i r y c c t a a  n o n a n t a g o n is t ic  t o  P y t i i i u r-
a rrh o n o in a n o a  i n  a g a r  c u l t u r e s  upon  P y th iu m  r o o t  r o t  of c o rn
In  s t e r i l i z e d ,  a r t i f i c i a l l y  i n f e s t e d  s o i l *
Group I. __________________________ , _
Decree of infection in replicate






















3,3 3,7 10,3 3,43
o,3 3.3 0,6 3.20a
3,7 3,7 11*1 3*70
3.7 3.7 11*1 3.70
4,0 3,3 11,0 3,67
4,0 4,3 IS, 3 4,10
4,0 3,7 11.4 3,80
4,0 3,? 11,7 3.90
4,0 4,0 11,7 3,90
3*7 3*7 11.7 3,90
3,7 3.7 11.4 3*80
3,3 3.7 11.0 3.67
3.7 4.0 11.4 3,80
3,3 3.7 11,0 3,67
3.3 3,3 9,6 3*20®
3,7 4.0 11.0 4.00
3.3 3,7 11,0 3.67
4,0 4.0 12.0 4,00
3,7 3.7 11.1 3*70
3,7 4,0 12.0 4.00
0.0 0.0 00.0 0.00
Group II*
NAA- 6 2.7 2.7 2.7 8.1 £.70®
NAA-31 4.3 3.7 4.0 12.0 4.00
1IAA-3G 3.7 5.0 3.7 10.4 5,47
NAA- 7 3,3 2,7 3.7 9.7 3.27
KAA-5C 3,7 3*8 2.0 10.0
NAA- 9 2.7 3,0 3,5 9.0 3,00®
KAA-12 4,0 3,0 <7 ",*■'» *J 10.3 5.43
RAA—44 3.7 2,7 3,7 10,1 3.37
KAA-37 3.0 3.0 3,3 9.3 3,10®
NAA- 5 3.7 3,7 3.0 10,4 3,47
KAA-22 3.7 3.0 3.2 10,0 <£>, 22
RAA-54 3.0 2,7 'tc » f 9,4 3*13®
KAA-51 5.3 o. 0 2,7 9,0 3.00®
NAA-41 3.0 3,3 4,0 10.3 3.43
NAA-24 4,3 3,0 5.7 11.0 3.67
NAA- 3 3.7 3,7 3,3 10.7 3,57
KAA-37 fx n w* r »* iy d  r 3.0 10.4 o «47
RAA-58 3.0 3.7 8,3 10,0 5 , 33
HAA-14 3.0 4.0 rr *7:j 10.3 . 4*j
Control (Infested) 3.3 3.7 3.7 10.7 3.57
Control (Non-Infsated)__ 0.0 0,0 0.0 Oj *0 0,00
Table XVI (ConVd)
Qroup III.______________
Decree of i3xrectlon ln"l:̂pllcate ~~
























Control (Non-infested) 0.0 
aIr.dicates scma® degree of control.
4.3 3,3 11.3 3,77
3.7 3,3 1 0 , 0 3„33a
3.0 2,7 0,7 2«90a
4,3 3.7 11.3 3,77
3,3 3,3 10,6 3.03
4.0 4,0 10,3 4.10
3,3 4,3 11.3 3,77
3.7 3.0 0,7 3,2 3a
5.0 3.7 12,0 4,00
3,0 3,3 10,0 3.33a
5,7 4.3 11,7 3.90
5.7 3,7 11.4 O  9 0 0
3.7 3.0 10,7 3.57
3.3 4,7 10,7 'iir, 2 3
5.7 4,0 11.0 3,67
3,3 4,0 I',', 6 3,87
5.0 4,3 11.3 3,77
4.3 3.7 11, \ j 3,77
3,7 3.7 11,7 o* 90
4,0 4.3 12,3 4,10
4, 0 4.0 12.0 4.00
?.7 3.0 £.7 2,90a
3,7 5.7 11, 1 3,70
0,0 0,0 00,0 0.00
Repeated In subsequent experiments.
More than 14 different genera of fungi and several distinct strains 
of actinomycetes and bacteria were tested* The data indicate that some 
degree of control might have been obtained with a few isolates of all 
three types of microorganisms* In order to determine whether or not 
the degree of control obtained was significant, all isolates which pro­
duced some control were retested three times* Results of these tests 
ere found in Tables XVII, XVIII, and XIX for the fungi, bacteria, and 
actinomycetes respectively.
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Table XVII. The effect of fungi nonantagonistie to Pythium arrhenoraanea 
In agar cultures upon Pythlum root rot of corn in sterilised, 
artificially infested soil* Isolates were selected from 
those listed In Table 3&V and repeated in three tests*
Group X. ___________  _________ _____
Dejgree of infection in replicate
Isolate 1 £ 5 4 5 Total Avg„
NAP-56 4*0 1.7 4.7 3.0 3.7 17,1 3,42NAF- 7 £.7 4.3 3.0 3.0 2.7 15,7 3.14
NAP-46 5.0 4.3 3.7 3.0 3.3 19.3 3,86
NAP-30 3.3 3.3 3.0 3.5 3,7 16,6 3.32NAF-10 4.0 3.3 4.0 4.0 3,0 18,3 3.66
NAF-58 4.0 3.0 3.3 3.7 4.3 18.3 3.66
NAF-33 4*0 3.7 3.7 3.0 2.7 17,1 3.42
NAT-13 5.0 3.0 3.3 4,3 4.0 19,6 3,92
NAP-51 4.0 3.3 3.7 3.0 3,0 17.0 3,40
NAP-45 3.7 3.3 3.7 2.7 3.0 16,4 3.28
AA-5 3*7 
Control (Infested)




3.3 3.7 3,7 3,7 18,7 3.74









3.3 4.7 3.7 3,7 3,7 19.1 3.82
RAP- 7 3.3 4.3 3.7 3.3 3.3 17.9 3,58
NAF-53 4.3 3.3 3.7 4,7 3,7 19,7 3,94
NAT-10 3.0 3,3 2.7 3,7 3.0 15.7 3.14*
NAF-13 4.3 4. 3 3.7 4.0 3,7 20,0 4.00
NAF-46 4.7 3.0 3.7 3.7 3.3 18.4 3.68
NAP-30 4.7 4.0 4.3 3,0 3,3 19.3 3.86
NAF-56 3.0 2.7 4.3 3.7 3.0 16,7 3,34
NAP-45 5.0 5.0 3,0 3.7 3,0 19.7 5,94
NAF-51 3.3 3.7 3,7 4 ,0 3,3 18.0 3.60
AA-5 3.0 
Control (Infested)
.3.3 4.3 3.0 3,0 16,6 <* fart* Uft’A
4,0
Control (Non-infa sted)
4.0 4.3 5,7 4* 0 20,0 4.00





Table m i .  (Coat’d)
Groat? III.______________
Degree of infection in replicate 












































Table XTIII. The effect of bacteria nonantagonistic to Pytfrium arrho- 
Romanes in agar cultures upon Pythtiim root rot of corn in 
sterilized, artificially infested soil. Isolates ̂ ero 






NAB-11 4.0 4.0 4.0 4,0 3.3 19,3 3.86NAB-38 3.7 4,7 4,0 4,7 3.7 20, a 4.16
HAB-55 3.3 4.0 4,7 3.7 3.7 19,4 3,88
NAB-26 4.3 4.7 4.3 4.0 3,7 21.0 4.20
NAB-29 4.0 3,0 4.3 4,3 4,0 19,6 3*92
NAB- 7 4.0 4.3 4,3 4,3 4,0 20.9 4.18
NAB-24 3.0 4,3 3,3 4,0 3,3 17,9 3* 58*
NAB-35 3.0 3.7 3,7 4,0 3,7 16,1 3,62*
Control (Infested)
4.7 4.0 4,3 4,0 4.0 21.0 4.20
Control (Non-infested'
0.0 0.0 0.0 0,0 0,0 00,0 0,00
L.3.D.(*05) * .**1...
Group II•
NAB-24 3.7 4,3 3,0 4,0 4,7 19.7 3.94
NAB-29 3.3 3.3 3.7 4,0 4.0 18,3 3,66
NAB-11 4.0 3.0 3.3 2.7 4.0 17.0 3,40
NAB-35 3.7 3.0 3.7 4.0 3.7 18.1 3,62
NAB-55 4,0 3,7 3.7 3,0 3.0 17.4 3,48
NAB-38 2.7 3.0 3.3 4,0 4.0 17,0 3.40
NAB- 7 4.3 3.7 3.0 3.7 3.0 17,7 3.54
NAB-26 2.7 3.7 4.0 3.3 4,0 17,7 3.54
Control (Infested)
4.0 3,3 3.7 3.0 3,0 17,0 3.40
Control (Non-infested)
0.0 0.0 0.0 0.0 0.0 00.0 0.00
Group III.
NAB-24 4.7 3.3 4.0 4.0 3.7 19,7 3,94
NAB-55 4.7 3.7 4.0 3,0 3,0 18.4 3.68
NAB-11 4,7 3.7 4.0 4.7 4.0 21,1 4,22
NAB-29 3.0 4,3 4,7 5,0 4.7 81.7 4.34
NAB-26 4.3 4,3 3.3 3.7 3,0 18.6 3.72
NAB-35 5.0 5.0 4.0 4.3 5,0 23.3 4.66





3.7 5,0 4,0 4,3 22.0 4.40
3.7
Control (Non-infested)
4.7 4,7 4,3 4,0 21,4 4,28




Table XIX* The effect of GCtino.i7iycat.e3 nonantagonistlc to Pythima 
arrhenomanea In agar cultures upon Pythium root rot of 
corn in sterilised* artificially infested soil. Isolates 
were selected from those listed in Table X7I and wore repeated 
in three tests.
Group I . _____________________ _
Degree of infection in replicate
Isolate 1 2 3 4 5"" _Total, ■Avg.
3.74NAA-89 3* 3 4.0 4.0 3.7 3.7 Ts.7~
NAA-13 5.3 4.0 3.7 3,3 4.5 13.6 3*73
NAA-42 2.7 4.0 3.3 3.7 3.3 17.0 3.40NAA-37 3.0 3.7 4.7 4.0 3.7 19.1 3,82
NAA- 9 2.7 4,0 3.3 3.7 3.3 17*0 3*40
NAA-39 3.0 3,7 3,3 4,0 3*0 17,0 3*40
NAA-51 3.7 3.7 3.3 3.0 2.7 16*4 3.28
NAA-54 3.3 4.0 5,7 rtca* t 4* 0 10.7 3,74
NAA- 6 2.7 4.0 3.0 3.0 3.0 15.7 3*14
NAA-36 4.3 4,0 2.7 3.0 3.3 17.3 3.46
NAA-38 3.0 3.0 3,3 4.0 3.7 17*0 3.40
NAA- 6 3.0 3.0 3.0 3.0 3.3 15,3 3,06*
Control (Infested)
3.7 4.3 3,7 3,0 3.7 18.4 3.68
Control (Non-infested)
0.0 0.0 0.0 0,0 0*0 00.0 0,00
US»D.(»05) " *56
Group II.
KM- 9 4.3 4,7 4.0 3*3 %  r? O *  f 80.0 4,00
NAA-39 3.7 4.7 4.3 4.7 4*3 21.7 4*34
NAA-13 4,0 4,0 3.3 3.7 4.0 19*0 3*80
NAA-36 4,0 3.0 3.3 4.0 4,3 18.6 3,72
NAA- 6 3.3 a. ^U f U 3.7 4.3 3,7 18*5 3,66
NAA-29 3.3 4.3 3,0 4,0 3.7 18.3 3,66
NAA-37 3.7 5.0 5*0 5.0 4*0 Of; 17 4.54
NAA- e 4.7 4.0 4,3 4.7 4*0 21*7 4,54
NAA-38 3.3 4,0 4*3 3.7 3.0 18.3 3*66
NAA-42 5.0 3.7 4.3 3*3 3*3 19.6 3*92
NAA-51 3.7 3.5 3.5 4.3 4*0 18,6 3.72
NAA-54 3.3 4.7 kj #  nj 3.7 4*0 19,0 3.80
Control (Infested)
4,3 4.3 3.7 3.7 4,0 20.0 4,00
Control (Non-infested)




Degree of infection In roplloato 
Isolate I______ 2 3 4______ 5 Total Avg.
KAA- 6 3,7 3,7 3,0
NAA-51 4.0 4,0 3,3
NAA- 8 3.3 3.7 4,0
NAA-42 3.3 3,0 2,7
NAA-2 9 3,0 3.3 2,-3
NAA-39 3,3 5.3 3,3
NAA-54 3.3 3.3 3,5
NAA-38 3.0 3.7 5,3
NAA-13 4.0 £.3 <K A
KAA- 9 3,3 2,3 3.7
NAA-37 4.3 3.3 4,0





£.7 3.3 16,4 3,28
3,7 3.7 18.7 3.74
.3,3 3,3 17,6 3.52
4,3 3,3 16.6 3.52
3.3 3,0 14.9 2.98*
2.7 3,7 16.5 3.26
3,0 3.7 16.6 3,32
3.0 3,7 16,7 3.34
3.3 2.7 15*3 3,06*
3,3 4,0 16.6 3,32
3.0 3.0 17,6 3,52
3.3 3.7 15.3 3,06*
rt *7 4.0 18.7 3*74
0,0 0.0 00,0 0,00
L.S.D, (,05) =.57
The data in these repeated tests show that some isolates of all 
three types of microorganisms produced significant control of the disease 
in one or two of the tests, None produced control in all three teste. 
These results suggest that microorganisms which are not antagonistic to 
Pythlum arrhenomeneg in agar cultures are not important in reducing the 
serenity of Pythium root rot.
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EXPERIMENT IT. MSCHANI3M OF ROOT ROT CONTROL BY ANTAGONISTIC MICRO­
ORGANISMS.
It has bean shown in the preceding experiments that some micro- 
organisms which are antagonistic to Pythium arrhenomanea hav© the ability 
of eontrolling Pythium root rot* However, other microorganisms which 
exhibit the same degree of antibioais in agar cultures produce no control 
of the disease. Uiere may be several reasons for this difference in 
activity in the soil. One possibility is that the antagonistic micro* 
organisms which do not control the disease do not multiply in the soil 
or in the rhizosphere as much es the microorganisms which produce control* 
Another possibility is that the antibiotics produced are different, and 
that one may be adsorbed on the soil colloids and become Inactivated*
The following tests represent attempts to determine why some of the micro­
organisms react differently in the soil.
Multiplication Within and Outside the Rhizosphere
Soil was placed in 2000 ml* flasks, sterilized, and Infested with 
Pythium arrhenoaanes* Three aetinorayccte isolates which had been grown 
in sterilized soil were added singly to the flasks so that each gram of 
soil contained 50,000 spores* In the flasks which received mixtures of 
two actinomycetes, only 25,000 spores of each isolate were added to each 
gram of soil* The flasks were Incubated at room temperature for seven 
days* At the end of the incubation period the coil from each flask 
was thoroughly mixed and placed in sterilized six-inch pots* Five oom 
grains were planted in each pot of soil. At the end of ten days the 
roots were carefully removed and the excess soil shaken, off. The roots 
plus the adhering soil wore then placed In weighed flasks containing
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100 ec, of sterile water. After thorough shaking, suitable dilutions 
were made in the manner previously described, and the roots were removed 
and washed. The wash water was collected in the original dilution flasks, 
The moisture in the original flasks was driven off by heat, and the con­
tents weighed, In computing the number of nicroorganiams per gram of 
oven dry "rhizosphere soil" allowance was mad® for the amount of material 
removed in preparing the dilutions.
Dilutions from outside the rhizosphere were also made. The number 
of microorganisms per gram of oven dry "non-rhizo sphere" soil was cal­
culated* All dilutions were made In triplicate.
Colonies from the dilution plates of Conn’s agar were selected at 
random and transferred to tubes of oatmeal agar. In order to determine 
the per cent recovery of the isolates placed in the original flasks of 
soil, random samples were tested against Pythium arrhenomanes for 
antibiotic activity. Observations of the gross morphology and the degree 
of inhibition of Pythium served to differentiate the recovered isolates, 
The actual number recovered per gram of soil of each type of microorganism 
was calculated from this information. The results are listed in Table XX,
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Table XX. Multiplication of selected actinomycet© isolates within and 









Noa-rh i zo sphere 
soil 
No* par gram
AA- 8 81 good 1.86 X 10s 1*09 X 109
AA- S 31 good 9*43 X 106 1*83 X IQ8
AA-23 18 none 1*99 X 10B 1.45 X IQ9
AA- 3 21 good 1*41 X 10S 1*64 X IQ9
AA- 5 31 good 9.63 X X06 1*88 X 10a
AA-23 18 none 1*69 X 10s 4*75 X 109
AA- 5 31 good 5*46 X 106 1.08 X 108
From the results given in Table XX it may be noted that in all oases a 
greater number of microorganisms occurred in the "rhlzosphorc soil" 
than in the "non-rhizo sphere soil*" Isolate AA-25, which produced no 
control of root rot, multiplied in the soil and in the a&izosphero as 
much as isolate AA-28, and more than isolate AA-5, both of which produced 
good control of the disease# From the results of this experiment, it 
appears that multiplication in the soil, and in the rhiasosph©r©| has no
bearing on the ability of the isolates tested to control Pythium root rot.
Adsorption of Antibiotics on Soil Colloids
This test represents an attempt to determine whether or not some
of the antibiotics produced are adsorbed on soil colloids® Ten isolates 
comprising five genera were selected for this study* All isolates pro­
duced more than 18 mm* of total inhibition in agar culturesj but some 
controlled root rot, while others produced no control* The isolates 
were grown in 1000 ml* flasks containing 75 ml* of modified Cnapek’a
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media with 0.1 per cent agar added* After seven to nine days of growth 
at approximately 27 degrees G. the growth media were filtered* One 
gram of Sharkey Olay soil was added to 10 ml* samples of tlio growth 
media, and the material was shaken for ten minutes and centrifuged* The 
supernatant liquid was passed through ultra-fine fritted glass filters* 
Aliquots which were not treated with clay were also passed through these 
filters* Both treated and untreated materials were tested for antibiotic 
activity by appropriate dilutions with Csapek’s liquid media* Four ml. 
samples of the final dilutions were placed In flat-bottom Petri dishes, 
and disks of P. arrhenomaneg were added to each* Growth of the fungus 
after 48 hours of incubation at approximately 27 degrees C* was recorded.
For the purposes of this study one unit of antibiotic was defined as
that amount in one ml* of solution which completely inhibited ?* arrhenomanes
for 48 hours* The results are found in Table XXI*
Table XXI* Adsorption of antibiotics produced by actinomycetes and 
fungi on Sharkey Clay*
Total
Inhibition Degree of Approximate units per ml* 
Isolate Genus (mm*) control Treated with clay $fpt treated
AA- 5 Streptorayces 31 good 50 50
M -  8 w 21 good 2 2
AA-37 tt 20 none 1 2
AA-23 ft 18 none 0 2
AA-27 ft 17 none 1 2
AA-32 ft 34 none 20 20
AF-35 PenieiIlium 50 good 150 150
AF-31 Aspergillus 20 good 2 2
AF- 3 Spicaria 23 good 2 2
AF-18 Gliobotrye 22 none 20 20
The data show that P. arrheaomanes was inhibited in liquid cultures by 
the growth media of certain actinomycetes and fungi* Isolates AF-3Sa and
aAt this writing further studies on the antagonistic potentialities 
of isolate AF-35 are being conducted by ISr, U* H* Luke*
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AA-5 produced a larger amount of antibiotic than did any of tbs other 
isolates tested. All of the antibiotic produced by isolate AA-23 and 
some of the antibiotics produced by isolates AA-2? and AA-37 were 
adsorbed by th© clay. This may be th© reason these isolates did not 
significantly reduce the severity of Pythium root rot. Hone of th© 
antibiotics produced by isolates AA-32 and AJ*-1® mas adsorbed. It 
appears that adsorption on clay is sot the reason these two Isolates 
failed to control root rot.
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m & m i w m  v, the sotgt of m-jRoomtmjxs ahtagoni^nc to pra-fra:
ARRH5K0MNE3 OH CERTAIN FHTOPATHOQT’NIC POHOI*
It has bean found (13, 47] that approximately S3 per cent of th© 
actinomycetes and 15 per cent of th© fungi isolated from Louisiana 
sugarcane soils were antagonistic to P, urrheaomanoa. During th-3 c our so 
of this research it seemed advisable to determine whether or not same 
of these antagonistic microorganisms would inhibit other plant parasites* 
Such an experiment would also indicate whether or not F* arrheaoaanea 
was unique in being inhibited by these microorganisms*
Three antagonistic actinomyoet© isolates and eight antagonistic 
fungal isolates were selected and tested in agar cultures against 29 
plant pathogenic fungi* The antagonistic genera selected wore isolates 
Streutomyces. Manilla* Splcaria, Penlcilliunu Aapargl Ilus, Faaarlua, 
and G-liobotrys, Th© methods used were similar to those already described 
in testing P» arrhenomanea. with the exception that some of the slower 
growing parasites were placed nearer the antagonists* The growth of 
the parasites was observed every three days* If the growth of th® para­
site was stopped the microorganism being tested was considered to be 
antagonistic* All of th© tests for antagonism were performed in tripli­
cate* The results of this experiment are found In Table XXII. The data 
show that selected actinomycetes and fungi which were antagonistic to 
p* arrhenftH»qras were also antagonistic to certain other plant parasites* 
Some (AA-5, AF-18, and AJP-35) were antagonistic to a large per cent of 
the parasites tested*
Table XXII* The effect of actlnomycetee and fungi antagonistic to Pythium arrhenomanes on certain 
____________ plant parasitic f u n g i . _______________________________________________________
.  Isolates Tooted ________
Parasite_______________ Host_______ AA-5 AA-6 AA-23 AF-10 Aff-3 AF-18 AT-34 AP-51 AF-15 AI-16 AF-35
Cercospora sp* Azalea b b
Closers Ha
oingulata Apple a a
Rhizootonia sp* Cotton a b
Belminthosporium
sativum Barley a a
Stemphyllium
sacreinaeforme Clover a a
Rhizoctonia sp. Azalea b b
Pericularia sp* Stenotaphrum a a
Fnsarius
lycopersici Tomato a a
Fasarium
vasinfecturn Cotton a b
Botrytis allii Onion a a
Biplodla gossypina Cotton b b
Colletotrichum ep* Lespedeza a a
Rhizoctonia sp* Lespedeza a a
Sclerotium
bataticola Lespedeza a b
Sphgeropsis sp* Lespedeza b b
Sclerotinia





baticola Soybean b b
Colletotri chumHim Lily a a
b b b b b b b a a
a a a b b b b a a
b b a b b b a a a
a a a a b a a a a
a a a a a a a a a
b b b b b b b b b
a a a a a a a a a
a a b b b a b a a
a a a b , b b b a b
b a a a a b b a b
b a b b b b b a a
a a a a a a b a a
b a b b b b b b a
b a a a b b a a a
b b b b b b b b a
a a b a a b a a a
a m a b b a a a a
b b b b b a b a b
a a a b b b b a a
Table XXII (ContM)
Isolates tested
Parasite _________ Host________ M - S  AA-8 M-S3 AF«-10 AF-3 AF-lg AF-24 AP-31 AIT-15 A1-IS AT-35
Colietotri chum sp* 
Colletotrichum
CaneIlias a a a a a b b a a a b
goasyppii Cotton a b a a b b a b b a a
Rhizoctonia sp* 
Physalospora
Strawberry a b a a a b b b b a b
tucumanensis
Alternaria
Sugarcane a a a a a b a b a a a
solani 
Alternaria
Tomato a a a a a b b a a a a
solanl 
Plena donsus
Potato a a a a a b b a a a a
destruens
Sclerotium
Sweet Potato a b b a a b b a b a a
bataticola Sweet potato b b b b b b b b a a a
Sclerotiua oryzas 
Sclerotinia
Rice a a b a a a b b b 3 a
sclerotorium Cabbage a b a b b a a a a a a
a Isolate tested antagonistic to the parasite.
^ Isolate tested nonantagonistic to the parasite.
BISCfOSSIOB
One of the most prominent factors which influence an interpretation 
of the results presented here is variation, A large amount of variation 
occurred among replicates of treatments and among isolates in repeated 
tests. The variation among replicates of a treatment in a single test 
resulted in a large experimental error. As no combined analysis of 
variance was performed on th© data obtained in the repeated tests, this 
variation which occurred was not calculated as experimental error. For 
example, isolate M-A6 significantly reduced root rot in one tost, yet, 
no significant reduction was obtained when this isolate was retested. 
Isolate AF-24 significantly reduced the disease in two of the three 
repeated tests, A consideration of the possible causes of this varla* 
tion is in order. The variety of corn used in this study was Whit© Tux- 
Pan, an open pollinated variety, Th© plants were, therefore, genetically 
heterogeneous, and the fact that considerable variation occurred among 
replicates of control treatments indicates that the plants were not all 
equally susceptible to the disease. It has been found (SO) that temper* 
stare and soil moisture conditions are important factors in the severity 
of Pythium root rot. The varying greenhouse temperatures which occurred 
might account for some of the variation among single isolates of repeated 
tests, Varying degrees of soil moisture might account for some of th© 
variation among replicates of treatments and among the repeated tests. All 
of these factors, genetic variability of th© plants, varying temperatures, 
and varying soil moisture contents are considered to contribute to the
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variation which occurred in this study*
In view of the high degree of variability discussed above, no 
precise estimate of the antibiotic activity in the soil of th© micro­
organisms tested can be made. However, certain general conclusions can 
be drawn from the results of these teste* The most important of these 
is that, although some isolates which are antagonistic to Pythium 
arrhenoaanes do not control Pythium root rot in the soil, there exists 
a dose positive correlation between the two phenomena. This is evident 
not only from the correlation between high antibiotic activity in agar 
cultures and high degree of control of th© disease, but also from the 
fact that none of the nosantagonists consistently reduced th® disease 
severity* These findings tend to validate the us© of surveys (11, 14,
47) as a means of estimating the antibiotic potential of soils.
Because of the large number of different types of microorganisms 
which are antagonistic to P. arrhenomanes it appears that several different 
antibiotics are involved* The fact that some antagonistic types controlled 
the disease and others did not furnishes further evidence for this belief* 
It is also believed that among the isolates which consistently reduced 
the severity of the disease more than one antibiotic was active* It 
could hardly be assumed that these isolates of PenlciIlium* Aspergillus,
Sp tear la. and several cultural types of Streptomyces produced the same 
antibiotic. The data indicated that these microorganisms produced anti­
biotics which were (1) produced in the soil, (S) not adsorbed on soil 
colloids and inactivated, (3) not readily broken down by the chemical 
constituents of the soil, and (4) not immediately broken down by the 
returning soil mioroflora.
All the antagonistic microorganisms tested produced their antibiotics
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in liquid cultures. However, some of the isolates produced only small 
amounts (8 units). The data indicated that the production of only small 
amounts of antibiotic in liquid culture® had no relation to the capacity 
of the isolates to control root rot, because some of the isolates which 
produced only two units significantly reduced the disease. Moreover, 
isolates AA«32 and AJ-18 produced 20 units each in liquid cultures, and 
these Isolates did not control root rot# The antibiotics produced by 
these two isolates were not adsorbed by clay# The reason for thee© 
results is not known, though several theories could be offered* For 
example, a nutritional relationship may exist, in which the isolates 
producing only two units in liquid cultures actually produce much more 
in the soil due to a nutritional constituent present in the soil but not 
present in the culture media* Isolates AA-32 and AF-18 which produced 
20 units each may not have been favored by this nutritional constituent* 
Other theories could also be advanced# It is believed that a knowledge 
of the physiological soil activities of antagonistic microorganisms 
would be valuable in obtaining eventual biological control of soil borne 
plant diseases#
From the data presented here, and from the results obtained by 
Cooper (12), Luke (47), Connell (11), and Johnson (34) it appears that 
actinomycetes are an important factor affeeting th© severity of Pythium 
root rot of sugarcane* There is some Indication that tho fungi may be 
secondary In importance# The data obtained by these workers indicate that 
(1) there were more antagonistic actinomycetes in Louisiana sugarcane 
than there were antagonistic fungi or bacteria, (2) th© average antibiotic 
activity of the actinomycetes was higher than that of th© fungi or bacteria, 
(3) the antibiotic activity of th© actinomycetes was higher in ’non-root
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rot soils'* (light soils) than in "root rot soils" (heavy soils), whereas, 
no such correlation between th© antibiotic activity of the bacteria or 
fungi and the soil types was obtained, (4) there was a correlation between 
the returning antagonistic aetinomyceta microflora in previously sterilized 
soil, infested with P. arrhenomanes. and the reduction in severity of 
root rot, whereas, no suoh correlation with th© bacteria and fungi was 
obtained, (5) more aotinomycetea produced control of root rot in green­
house tests than did fungi or bacteria, and (6) the degr®® of control of 
root rot produced by these actinotnyeates was higher than that produced 
by the fungi or bacteria. These results indicate that antinomycotes are 
the jsost important biological factors affecting the severity of root rot 
and that in attempts to control the disease biologically, actinomycetes 
must be given major consideration.
A study was made of the effect of antagonistic microorganisms on 
pythium root rot of sugarcane and corn. Soil microorganisms were isolated 
and tested for antibiosis to Pythium arrhenomanes Breach. Isolates of 
many different genera were found to produce antibiotics which war® active 
to the fungus* The zone of inhibition produced in agar cultures by certain 
of the antagonistic types persisted for several days*
The data obtained from greenhouse tests showed that certain antagon­
istic microorganisms, when placed in infested soli which had been pre­
viously sterilized, significantly controlled Pythium root rot of corn* 
Better control was obtained by the use of actinomycetes than with bacteria 
or fungi. There was a general correlation between the magnitude of the 
zone of inhibition produced by the actinomycetes and their ability to 
control root rot, better control having been produced by isolates which 
produced large zones of inhibition. In general, better control was 
obtained with isolates whose zones of inhibition persisted for more than 
ten days than with isolates whose zones were overgrown before the 11th 
day after inoculation.
Attempts to control Pythium root rot by the use of nonantagonistic 
microorganisms showed that none of th© isolates tested consistently 
controlled the disease,
A rhizoephere effect of corn was obtained when soil was artificially 
infested with certain antagonistic actinomycetes. Breater numbers of the
83
84
actinomycetes were found to be present in the rhizoaphere than outside 
the rhizosphere. Tho data indicated, however, that multiplication in 
th© soil, and in the rhizosphere, had no bearing on the ability of th® 
isolates tested to control Pythium root rot.
The antibiotics of certain fungi and actinomycetes were produced 
in liquid cultures. The antibiotics of certain actinomycetes were found 
to be adsorbed by clay# It is suggested that this may b© the reason these 
microorganisms did not significantly control Pythium root rot.
Eleven antagonistic actinomycotes and fungi were tested for anti- 
bioeis to 29 plant pathogenic fungi. The results showed that m n y  of 
the parasites were inhibited by several of th© antagonistic microorganisms.
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